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INTRODUCTION 
In vivo absorption from sections of the ruminant gastrointestinal 
tract has been calculated by various indirect methods each involving 
concentration changes of nutrients relative to a nonabsorbable marker. 
Even though these methods have allowed qualitative comparisons of ab­
sorption to be made, they are all complicated by factors which influ­
ence nutrient concentrations and absorption rate. Furthermore, nu­
trient disappearance is assumed to equal absorption, and in some cases 
this may not be a valid assumption. Thus, there is interest in utiliz­
ing direct methods for quantitating gastrointestinal absorption. 
Nutrient absorption from the gut can be calculated directly from 
the product of portal-arterial nutrient concentration differences 
(corrected for hemodilution or hemoconcentration) and portal blood flow. 
In general, an accurate determination of portal blood flow has been the 
limiting factor in direct absorption studies. Blood flow has been shown 
to be highly variable, but whether this variation is strictly physi­
ological or partially due to errors in technique is still uncertain. 
Also, there have been no studies reported which have evaluated the direct 
method vivo. Therefore, experiments were designed 1) to further in­
vestigate the possible sources of error in obtaining an accurate value 
for portal blood flow using an indicator-dilution technique and 2) to 
evaluate a direct method for measuring absorption ^  vivo using glucose ab­
sorption from the bovine small intestine as the experimental model. 
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REVIEW OF LITERATURE 
Reliability of Indicator-Dilution Techniques for Measur­
ing Blood Flow 
The theoretical basis of the indicator-dilution method for measur­
ing flow has been discussed by Zierler (1962). A known amount of indi­
cator is introduced into a flowing fluid system either as a single bolus 
injection or continuous Infusion. Fluid is sampled downstream from the 
injection site and the concentration of indicator is measured as a func­
tion of time. From a knowledge of the amount of indicator injected and 
of the observed concentration of diluted indicator at the sampling site, 
flow per time can be calculated. For this method to be valid it must 
be assumed that mixing of dye is complete, all indicator injected leaves 
the system (applies only to single injection), and flow is constant during 
a flow measurement. 
Since flow anywhere in the vascular system is rarely constant under 
physiological conditions because of cardiac pulsations, respirStory 
variations in flow, and other non steady state conditions (Cropp and 
Burton, 1966) it is important to consider the effect of these variables 
on flow measurements. In addition, there are variables associated with 
the indicator-dilution technique itself which can cause error in flow 
measurements. 
Nearly all work evaluating the indicator-dilution technique has 
measured cardiac output. Although the theory remains the same whether 
cardiac output or portal blood flow is measured, there are differences 
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in anatomy and technique which make the two measurements distinct. In 
cardiac output studies indicator is usually introduced as a single in­
jection into the right atrium or pulmonary artery and indicator concen­
tration monitored in the femoral artery. Thus, the indicator passes 
through the pulmonary circulation before an indicator-dilution curve 
is recorded. In portal blood flow measurements, indicator is usually in­
troduced via a mesenteric vein a short distance upstream from the portal 
vein sampling site. Therefore, the travel of indicator is shorter and 
less diversified, and flow is less pulsatile than in cardiac output de­
terminations. Despite these differences, many cardiac output studies 
are pertinent to the study of portal flow techniques and will be con­
sidered in this review. 
Many workers have compared the indicator-dilution technique with 
another method and found no systematic differences. Grenvik (1966) com­
pared cardiac output values determined by the dye-dilution technique 
with those made by the direct Pick method. Comparisons were made in 
cardiac patients at rest or during exercise and no systematic differ­
ences were found between the two methods. Reproducibility of the dye-
dilution method was also investigated and no differences were found be­
tween duplicate determinations made within 3-8 min of each other. 
Similar comparisons were made by Hamilton, Minzel and Schlobohm (1967) 
using the electromagnetic flowmeter and dye-dilution methods. They 
found that mean cardiac outputs were very similar although the coeffi­
cient of variation of differences between the two methods was about 207a. 
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It was emphasized in these comparisons that the error may not be entirely 
attributable to one method or the other. 
On the other hand, Jacobs et al. (1969), comparing dye-dilution and 
the electromagnetic flowmeter in a model system, showed that dye-
dilution often gave twice the true value at high flow rates. Similar 
comparisons were made ^  vivo by using the electromagnetic flowmeter as 
the standard (Jacobs et al., 1970). In resting and exercising dogs the 
dye-dilution method gave results 45% higher at rest and 65% higher during 
exercise than the flowmeter. No satisfactory explanation was offered 
for the discrepancies in either study. Furthermore, the electromagnetic 
flowmeter may not be the best method to use as an ^  vivo standard 
(Sellers and Dobson, 1967). 
If cardiac output is measured by simultaneously recording dye curves 
from different sites in the peripheral circulation, or consecutively 
using a different injection site, considerable variation in calculated 
flow may be observed. Bassingthwaighte, Edwards, and Wood (1962) re­
corded dye-dilution curves simultaneously from two or three sites (pul­
monary artery, aortic root, thoracic aorta, and femoral artery) after 
injections of dye into the inferior vena cava, right ventricle, pulmonarj 
artery or left atrium of anesthetized dogs. There was considerable vari­
ation between single comparisons but excellent .agreement between areas 
of curves recorded at central and peripheral sampling sites when the 
mean of a large group of comparisons was taken, Opdyke (1965) found 
the mean of cardiac outputs recorded from various sites in anesthetized 
dogs ranged from 87-123% of the simultaneously recorded output from other 
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sites. He concluded that variation was, in part, a function of sampling 
site and phase of respiration but was not likely due to inconplete mix­
ing of dye upon injection. Similar variation was observed by Sleeper 
et al. (1962) who recorded simultaneous curves from the brachial and 
femoral arteries after dye injection into the superior vena cava or a 
peripheral vein of human subjects. Nonuniform distribution of dye was 
suggested as a cause for observed variation though no direct evidence 
for this was presented. Recent work of Pavek, Pavek, and Boska (1970) 
has confirmed nonuniform distribution of indicator across and along 
vessels as a source of error in indicator-dilution studies. The error 
can be caused by incomplete mixing of indicator or pulsatile flow. The 
study involved simultaneous recording of four thermodilution curves 
across and along a short segment of aorta after sudden injection of in­
dicator into either the right or left atrium. Variation of 5.5-11.7% 
(standard deviation) was observed. 
In the majority of studies with dye-dilution techniques, including 
those discussed so far in this review, indocyanine green (Cardiogreen) 
dye has been used. The physical properties of indocyanine green and the 
kinetics of its removal from the blood by the liver have been described 
extensively (Cherrick et al., 1960; Fox and Wood, 1960; Paumgartner 
et al., 1970). This dye is the common choice for dye-dilution studies 
because of its favorable properties as an indicator. Recently, however, 
the optical properties of indocyanine green have been studied in more 
detail and have been shown to account for discrepancies when dye-dilution 
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was compared with another method (Saunders et al., 1970), These authors 
measured cardiac output simultaneously by electromagnetic flowmeter 
and dye-dilution and found, as did Jacobs et al. (1970), that the indo-
cyanine green method consistently overestimated actual flow by 20-607.. 
The error was due to a delay in the absorption spectrum of the concen­
trated dye (1000 mg/1) changing to the different spectrum of the dilute 
dye (1-40 mg/1). Thus, longer arrival times (time from injecting a con­
centrated dye solution to monitoring a dilute blood-dye solution) re­
sulted in less overestimation of cardiac output. The minimum time needed 
for this spectral shift to occur at room temperature was 6-8 sec; 
the shift was faster at 37 C. Jacobs et al. (1970) did not report arrival 
times, so it is possible that the indocyanine green concentration was 
monitored before the spectral shift had occurred; thus, flow was over­
estimated. The rapidity of spectral stabilization of indocyanine green 
also was studied by Bassingthwaighte et al. (1962) who concluded that 
stabilization occurred in less than 2 sec... This conflicts with the 
conclusion of Saunders et al. (1970) who did not offer a complete ex­
planation of the difference. 
It can be concluded from the studies reviewed that there can easily 
be 10-20% variation in cardiac output when measured by the indicator-
dilution method. This variation can be attributed to errors in technique 
(site of indicator injection and/or curve recording, nonuniform mixing 
of indicator, and delay in spectral stabilization of indocyanine green) 
and normal physiological variables (respiration and pulsatile flow). 
There are reports of similar variation in portal blood flow measurements. 
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However, the possible errors of the indicator-dilution method, as applied 
specifically to portal flow measurements, and the influence of physio­
logical variables have not been extensively studied. 
It is reasonable to expect portal blood flow to be less pulsatile 
than flow in the aorta where cardiac output determinations are made. 
Thus, the assumption of constant flow during recording of an indicator-
dilution curve should be more valid when measuring portal flow. Respira­
tion can significantly affect cardiac output (Opdyke and Sniffen, 1959; 
Hoffman et al., 1960; Opdyke, 1965) and also could influence portal 
blood flow. Nonuniform mixing of dye is another possible source of 
error to be considered when determining portal flow by indicator-dilution. 
Finally, site of indocyanine green dye injection in portal studies must 
be considered since arrival time and mixing are altered by the distance 
from injection site to sampling site. If sufficient arrival time is not 
allowed for the spectral shift of indocyanine green to occur, portal 
blood flow could be overestimated just as in cardiac output determinations. 
Measurements of Portal Blood Flow in Ruminants 
Schambye (1955a, 1955b) used either a constant infusion of 32p-
labeled erythrocytes or bolus injection of Evans blue dye as indicators 
to estimate portal blood flow in conscious and anesthetized sheep. Flow 
averaged 37.0 ml/min/kg body weight (range 31.1 - 43.9) in conscious 
sheep conçared to 29.0 ml/min/kg (range 11.0-49.0) in anesthetized sheep. 
In similar studies, Fegler and Hill (1958) used the thermodilution method 
8 
to estimate portal blood flow in sheep. No mean values were given for 
flow during anesthesia but flow prior to laparotony was predicted from 
an observed relationship between cardiac output and portal blood flow. 
The predicted value was 45,8 ml/min/kg. 
Bensadoun and Reid (1962) also used the thermodilution method and 
found that portal blood flow in sheep increased 3-7 hr after feeding 
and was depressed during anesthesia. Animal weights were not given, so 
blood flow could not be expressed per unit of body weight for comparison 
with other studies. 
The indicator-dilution method, with a continuous infusion of 
p-aminohippuric acid (PAH) as indicator, was used in the following studies 
to measure portal blood flow in sheep. Roe, Bergman, and Kon (1966) re­
ported a mean portal flow of 46 ml/min/kg in 25 fed sheep. By a slight 
modification in technique, Katz and Bergman (1969a) made simultaneous 
measurements of hepatic venous and portal blood flow. They reported 
mean portal flows of 43 ml/min/kg and 31 ml/min/kg in fed and fasted, 
nonpregnant sheep, respectively. Similar portal flows were reported by 
Bergman, Katz, and Kaufman (1970). The study by Katz and Bergman (1969a) 
also showed that mean hepatic venous flow increased significantly after 
feeding. Most of this increase, however, was due to an increase in 
hepatic arterial flow rather than a selective increase in portal flow. 
The literature contains only three reports of portal blood flow 
measurements in unanesthetized calves. Fries and Conner (1961) used 
bolus injection of Evans blue dye and subsequently sampled portal blood 
at about 2 - second intervals to construct dye-dilution curves. Mean 
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flow was 37.8 ml/min/kg (range 12,0-65,7). Excluding several low values 
recorded the first two days following surgery, mean portal flow was 
46 ml/min/kg. These authors conclude, on the basis of one observation, 
that excitement depressed portal flow. Although this decrease is possi­
ble because vasoconstriction occurs in the visceral region upon excite­
ment, the data were not conclusive, 
Carr and Jacobson (1968) used the Doppler ultrasonic flowmeter to 
obtain a mean portal blood flow of 40,9 ml/min/kg in young milk-fed 
calves. There was considerable variation among values recorded at dif­
ferent times of the day. The authors suggested that this variation was 
independent of the increases in flow observed after feeding, A disad­
vantage of the Doppler method is that cross-sectional area of the blood 
vessel must be known. Therefore, cross-sectional area of the portal 
vein was determined at slaughter by passing different-sized cylinders 
into the excised vein, 
McGilliard, Thorp, and Thorp (1971) calculated portal blood flow 
in calves from indocyanine green dye-dilution curves. After dye injection 
portal blood was sampled at 0,5-second intervals for constructing dye-
dilution curves. Though this procedure was an improvement over 2,0-
second sampling intervals (Fries and Conner, 1961), few samples were col­
lected before dye disappeared from the system. There was close agreement 
between flow values calculated for the same curve by either ccxnputer 
analysis, or by the method of Lewis (1953), The overall mean blood flow 
was about 40 ml/min/kg. Because flow was highly variable among and 
within animals, the authors suggested that blood flow for a given time 
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be calculated as the mean of several consecutive flow determinations. 
Many of the studies cited, which measured portal blood flow, were 
complicated because of difficulties in maintaining patency of mesenteric 
and portal vein catheters. These difficulties were summarized by 
McGilliard (1971) in a report which described an implantable hydraulic 
needle for sampling portal blood in calves. The needle completely 
solved the problems associated with indwelling portal catheters. 
There was general agreement among all reports that portal blood 
flow in sheep and calves averaged about 40 ml/min/kg. But the fact 
that there was also wide variation leaves no doubt that portal flow 
varies under normal physiological conditions. The possibility that some 
of this variation is due to errors in technique cannot be ruled out be­
cause there are few studies which have evaluated techniques for flow 
measurement as applied to portal blood flow. 
Measurement of Gastrointestinal A.bsorption Using 
Portal-Arterial (P-A) Differences and Portal Blood Flow 
The detailed theory of using arteriovenous concentration differences, 
in steady and non-steady states, for measuring metabolism (absorption) has 
been discussed by Zierler (1961). Blood flow must be known, and if blood 
metabolite concentrations change significantly during the experimental 
period, the function describing this change should be defined. This 
means that concentrations should be measured often enough to define the 
function. In general, these conditions have been difficult to achieve in 
in vivo absorption studies with unanesthetized animals. 
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Fries and Conner (1960) made glucose absorption estimates by samp­
ling portal and carotid blood at 3-hour intervals after feeding a calf. 
The portal blood flow value used in calculations was not valid, because 
it was from another experiment with different animals (McGilliard et al., 
1971). 
Glucose and VFA absorption in sheep fed different diets was studied 
by Bensadoun, Paladines and Reid (1962). Carotid and portal blood was 
sampled at 2-hour intervals after feeding, and portal blood flow as 
measured by thermodilution 1-12 times during the 2-hour intervals. The 
number of times only one blood flow determination was made per 2-hour 
interval was not revealed. In addition, blood flow sometimes was not 
measured at every 2-hour interval for the entire experimental period 
after feeding. The same procedure was used to measure glucose and lac­
tate absorption in sheep (Bensadoun, Cushman, and Reid, 1966). 
Several investigators have used the constant infusion (PAH), 
indicator-dilution method for blood flow determination in combination with 
P-A differences to extensively study glucose, ketone body, and FFA 
metabolism and absorption in sheep (Roe et al., 1966; Katz and Bergman, 
1969b; Bergman et al., 1970). Each trial involved serial sampling of 
arterial and portal blood over a 1- or 2-hour period at a given time after 
feeding. Blood samples were analyzed for the metabolite being studied 
and for PAH to calculate blood flow. Variation of individual blood flow 
determinations during the 1- or 2-hour experimental period was not dis-
cussed although significant variation of mean flows was evident. Absorp­
tion data was presented on a per hour basis. In the latter study by 
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Bergman et al. (1970), sheep were fed automatically every hour to 
facilitate steady-state conditions, i.e., to minimize fluctuations in 
blood metabolite concentrations and blood flow. 
The only study in which the direct method was used for estimating 
absorption in calves was reported by Carr and Jacobson (1968). These 
authors used milk-fed calves and estimated postprandial absorption of 
glucose, total reducing sugars, P-hydroxybutyrate, and VFA. Carotid 
and portal blood was sampled hourly for 12 hr after feeding. The 
P-A differences from six experiments with two calves were combined to 
plot a difference curve for the 12-hour period. Absorption per hour was 
calculated as the product of the mean P-A difference at each hour and 
the overall average portal blood flow obtained in the two animals. 
Hourly intervals were summed to obtain total absorption for 12 hr. 
Considerable variation in portal flow was observed and the desirability 
of simultaneous blood flow measurements with blood sampling was emphasized. 
However, there was no reason given for using an overall mean blood flow 
in calculating absorption. 
An important consideration when using P-A differences should be 
whether or not there is hemodilution or hemoconcentration. Net water 
absorption from the gut or secretory water loss into the gut and splenic 
contractions during fright (Guntheroth, tkGough, and Mullins, 1967) 
could cause hemodilution or hemocoucentration. Thus, uncorrected P-A 
differences could be misleading. Some workers have neglected this pos­
sibility (Fries and Conner, 1960; Bensadoun et al., 1962; Carr and 
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Jacobson, 1968). Others have measured arterial and portal packed cell 
volumes or hemoglobin concentrations but no significant differences were 
found (Roe et al., 1966; Weigand, 1971), However, Fries and Conner 
(1961) found consistently lower packed cell volumes in portal blood that 
suggested some hemodilution. 
Glucose Absorption in Ruminants 
It has been commonly accepted that little if any glucose is absorbed 
from the alimentary tract of ruminants. However, recent studies with 
animals fed high concentrate diets have shown that significant amounts 
of dietary starch may escape ruminai fermentation, thus becoming avail­
able for digestion and absorption as glucose from the small intestine. 
Indirect studies 
Nearly all work concerned with starch digestion has utilized re­
entrant cannulas in different parts of the digestive tract along with a 
nonabsorbable marker. The assumption was generally made that starch dis­
appearance equaled glucose absorption. With both sheep and cattle there 
is good agreement regarding the overall digestibility (95-1007.) of 
dietary starch , regardless of dietary starch level (Armstrong and Beever, 
1969). Nicholson and Sutton (1969) fed sheep, fitted with re-entrant 
duodenal cannulas and rumen cannulas, diets containing different amounts 
of flaked com and found that only 5-11% of the ingested starch reached 
the duodenum. They also observed only a slight increase in the percentage 
of starch escaping ruminai fermentation (though absolute amounts increased 
markedly) with a four-fold increase in flaked com fed. The results of 
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these workers are in general agreement with those obtained in similar 
experiments by McRae and Armstrong (1966), Topps, Kay, and Goodall 
(1968a), and 0rskov, Fraser, and Kay (1969) with sheep fed rations con­
taining barley and by Topps et al. (1968b) with steers fed similar rations. 
However, Karr, Little, and Mitchell (1966) and Tucker, Mitchell, and 
Little (1968) reported that much higher levels (over 30%) of ingested 
starch reached the duodenum of steers and sheep fed different amounts of 
cracked com. Wright, Grainger, and Marco (1966) also found considerable 
amounts of starch in the abomasum of sheep fed ground com. On the basis 
of the studies cited, it appeared as though more starch from cracked or 
ground com passed through the rumen than from the flaked com or barley 
rations. This was confirmed by 0rskov et al,, (1969). 
Direct studies 
Few workers, using portal blood flow and P-A differences, have ob­
served net glucose absorption from the gut in ruminants. In hay-fed 
sheep P-A differences in glucose concentrations were negative and thus 
suggested utilization of glucose by the portal-drained viscera (Bensadoun 
et al., 1962; Katz and Bergman, 1969b). Visceral utilization has also 
been observed in sheep fed hay plus concentrates in different amounts 
(Roe et ^ ., 1966; Bergman et al., 1970). In the latter study animals 
were fed at maintenance levels and feeding was evenly spaced over 24 
hr. 
Only two direct studies have presented evidence for net glucose ab­
sorption. Fries and Conner (1960) observed positive P-A differences in 
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a calf fed alfalfa hay and corn. Similarly Bensadotm ^  al. (1966) 
found glucose and lactate absorbed in significant amounts in sheep fed 
high concentrate rations. 
It appears, from both indirect and direct studies, that the amount 
and kind of feed eaten, the physical composition of the diet, and fre­
quency of feeding may determine whether or not net glucose absorption 
is observed in ruminants. 
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PROCEDURES 
Animals 
Five male Holstein calves weighing 150-200 kg, from the Iowa State 
University dairy herd were used. They were fed about 2.3 kg of concen­
trate^ twice daily. Feed weigh-back was recorded at each feeding. Calves 
were kept in modified stanchions which prevented them from reaching the 
catheters. Surgical preparation of the five calves is summarized in 
Table 15 of the Appendix. 
Operative Techniques 
Anesthesia 
Feed was withheld from the calves 36-48 hr preceding surgery. Hair 
was clipped from the operative area before the calf was brought into the 
2 
surgical laboratory. Anesthesia was induced with 10% Fluothane in 
oxygen via facemask while the calf was standing. Usually within 5-10 min 
the calf was placed on the surgical table, and the trachea was intubated 
after sufficient relaxation of the jaw. The endotracheal tube was con­
nected to a closed-circuit anesthesia machine and anesthesia was main­
tained with 2-4% Fluothane in oxygen. 
^Composition: com, 77.7%; ground cobs, 10%; soybean meal, 5%; 
dehydrated alfalfa meal, 5%; urea, 1%; limestone, 0.8%; trace mineral 
salt, 0.5%; and vitamin A, D, E, antibiotic premix, 20.8 g/100 lbs. 
^Bromochlorotrifluoroethane, Ayerst Laboratories, New York, New 
York. 
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Portal blood sampling needle 
A hydraulic needle for sampling portal blood was implanted in each 
animal according to the procedure of McGilliard (1971), There was one 
deviation from this procedure. In later experiments, silicone fluid,^ 
rather than hepatlnized saline, was used for the hydraulic fluid and 
internal lubricant. 
Catheters 
2 Catheters were established for indocyanine green dye injection 
into different veins for portal blood flow determinations. The anterior 
mesenteric vein and right ruminai vein were catheterized by the bone tip 
method of McGilliard and Thorp (1971). When the duodenal vein was 
catheterized, the method of Conner and Fries (I960) was used since the 
vessel was too small for using the bone tip method. 
Silicone rubber tubing^ and polyvinyl tubing^ was used to prepare 
injection catheters. A 15-20 cm length of silicone rubber tubing (0.16 an 
id X 0.24 cm od), depending on the length desired in the vein catheterized, 
was expanded by soaking in xylene until it slipped over the tip of a 60 
cm length of polyvinyl tubing (0.15 cm id X 0.23 cm od). Two polyvinyl 
collars were permanently bonded to the polyvinyl tubing with cyclohexanone 
^Medical Fluid, No, 360, Medical Products Division, Dow Coming 
Corp,, Midland, Michigan. 
2 
Cardiogreen, Hynson, Wescott and Dunning, Baltimore, Maryland. 
^Medical Grade Silastic, Medical Products Division, Dow Coming 
Corp., Midland, Michigan. 
^Surco Flexible Transparent Tubing-Formulation S-1 clear, no longer 
conmercially available. Surprenant Mfg. Co., Clinton, Massachusetts. 
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(Figure 1), These collars aided in securing the catheter to the mesentery 
and prevented the catheter from slipping out of the vein. A piece of 
Ivalon surgical sponge^ was secured around the catheter, between the 
collars, to promote tissue infiltration so that the catheter would be 
held securely in place. 
Arterial catheters were established in the thoracic aorta via 
either a branch of the circumflex iliac artery (Olsen, Dougherty, and 
Bond, 1967) or via the femoral artery (Yelverton, Henderson and Dougherty, 
1969). These catheters were made similar to the injection catheters. 
A 65 cm length of teflon tubing^ (0.15 cm id X 0.23 cm od) was slipped 
into the expanded end of a 75 cm length of silicone rubber tubing (0.16 
cm id X 0.23 cm od) for about 5 cm. This left 60 cm of teflon tubing 
to be threaded into the artery. The tip of the teflon tubing was rounded, 
with a high-speed disc sander, to facilitate passage of the catheter into 
the artery and to minimize intimai abrasion or damage once the catheter 
was in place. 
Duodenal infusion catheters (polyvinyl, 0.15 cm id X 0.23 cm od), 
for administration of radioactive glucose solutions, were established in 
a manner similar to a standard Witzel enterostony (Markowitz, Archibald, 
and Downie, 1959). The serosa, however, was not slit as in the Witzel 
procedure. Instead, a 10-gauge needle was tunneled under the serosa 
distally for about 5 cm beginning at a point several cm distal to the 
^Clay-Adams, Inc. * New York, New York. 
^Medical grade tubing. Beeton, Dickinson,and Co., Rutherford, New 
Jersey. 
Figure 1, Design of silicone rubber-polyvinyl dye injection catheter used for dye-dilution 
experiments; section of catheter shown is where the two pieces of tubing are joined 
POLYVINYL 
COLLARS 
I 0.16 cm \ 0.15cm 
i .^ i -
KO O 
RS'TIING POLYVINYL TUBING^ O-zlc 
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pylorus. Then a purse-string suture was placed at the point of the 
needle. The mucosa then was pierced through the purse-string suture, 
and the catheter was threaded through the needle into the lumen for 
about 10 cm. Then as the needle slowly was withdrawn, the purse-
string suture was tied snugly. Several additional sutures were placed 
to cover the entry of the catheter into the serosa and lumen. 
In one calf, a polyvinyl catheter (0,15 cm id X 0.23 cm od) was es­
tablished for monitoring intraabdominal pressure. The catheter was 
simply threaded into the abdominal cavity via a 10-gauge needle. 
All catheters were exteriorized by the method of Dougherty £t al. 
(1965) and two-way valves were attached to a patch cemented to the ani­
mal's back (McGilliard, 1971) as shown in Figure 2. 
Re-entrant ileal cannula 
A re-entrant cannula, made similar to the one described by Ash 
(1962) for sheep, was established in the ileum about 15 cm from the ileo­
cecal sphincter (Brown, Armstrong, and MacRae, 1968). Either a fold of 
omentum, or a piece of Ivalon surgical sponge was draped around the 
barrel of the cannula before it was exteriorized. This speeded adhesion 
formation which secured the position of the cannula. The piece of tubing 
joining the cannulae was secured by two nylon straps^ as seen in Figure 3. 
Post-Operative Management 
Recovery from surgery was rapid and without complication when calves 
were prepared only with catheters and a portal sampling needle. Usually 
^Extracorporeal Medical Specialties, Inc., Mount Laurel TWP, New Jersey. 
Figure 2. View showing positions of canvas patch for catheter 
valve attachment and re-entrant ileal cannula in situ 
Figure 3. Close-up view of ileal re-entrant cannula in situ 
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within 1-2 hr after being returned to a recovery pen, calves were stand­
ing up and eating or drinking. In 2 days they appeared completely normal 
as judged by general behavior and feeding habits. However, when calves 
were prepared with a re-entrant cannula full recovery was prolonged. It 
often took 7-10 days for these animals to return to normal. The slow 
recovery was primarily due to the time required for re-establishment of 
normal intestinal function. Normal bowel movements and a return to normal 
feed intake were usually good indications of recovery. 
Antibiotic was administered intramuscularly and/or intravenously 
immediately after surgery and intramuscularly each day thereafter for 
one week. The incision line and areas around the stab wounds, through 
which catheters and re-entrant cannulae were exteriorized, were dusted 
with Aureonycin powder^ daily. 
Arterial and venous catheters were flushed twice daily for two weeks 
after surgery and then once daily. After flushing with about 10 ml of 
0,9% NaCl solution, catheters were filled with anticoagulant solution 
(250 units heparin/ml 0.9% NaCl). Antibiotic^ was also added to the 
anticoagulant solution (400 units/ml) used for the last calf (6461) pre­
pared for these experiments. 
The portal sampling needle required no special maintenance following 
surgery. After the needle was inserted for blood sampling, however, it 
was flushed (as described for catheters) before being withdrawn from the 
^Chlortetracycline (2%), American Cyanamid Co., Princeton, New Jersey. 
^Potassium Penicillin G, E. R. Squibb and Sons, New York, New York. 
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portal vein. 
The re-entrant cannula required daily attention because it had to 
be occasionally disconnected and cleared of com to reestablish normal 
digesta flow. The area around the cannula was kept closely clipped and 
was cleaned frequently with a dilute iodine solution. 
Pressure Measurements 
In several experiments with calves 6371 and 6372, arterial, venous, 
and intraabdominal pressure and respiration were monitored simultaneously. 
The first three pressures were monitored by connecting each respective 
catheter to a saline-filled transmission line of a pressure transducer.^ 
The transducers were positioned at approximately the same level as the 
catheter tips were thought to reside within the calf. Before pressures 
were recorded, the entire line from transducer to catheter tip was flushed 
to remove any bubbles and to clear any obstruction at the catheter tip. 
Respiration was monitored by connecting a pneumograph , attached 
snugly around the abdomen of the calf, to the air-filled transducer trans­
mission line. 
Each transducer was connected to a preamplifier^, and paper recordings 
were made by a direct writing recorder.4 
^Model 267-BC, Hewlett Packard, Sanborn Division, Waltham, Massachu­
setts, 
harvard Apparatus Co., Inc., Dover, Massachusetts. 
^Model 350-1100C, Hewlett Packard, Sanborn Division, Waltham, Massa­
chusetts. 
^7700 Series, Hewlett Packard, Sanborn Division, Waltham, Massa­
chusetts. 
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Blood Flow Measurements 
General description 
Portal blood withdrawal (20 ml/min) was begun with an infusion-
withdrawal pump^ equipped with a 50 ml heparinized glass syringe. Shortly 
thereafter 1 ml of indocyanine green dye (2.5 mg/ml or 5.0 mg/ml) was 
rapidly injected into a vein upstream from the point of portal withdrawal. 
2 As portal blood was withdrawn through a cuvette-densitometer system 
connected to a small computer^ and preamplifier^, a dye-dilution curve 
was recorded by the direct writing recorder. During the downslope of 
the dye-dilution curve, the portal blood flow was automatically computed 
and displayed on the computer's digital readout. Figure 4 is a schematic 
drawing showing the equipment used to record dye-dilution curves. 
Dye injection 
Dye was injected by one of two methods. In calves where blood 
could not be withdrawn from the injection catheter it was assumed that 
the catheter tip had become sheathed over. Because injected dye, as it 
was forced through the sheath, might be delayed and result in nonuniform 
or inaccurate injection, a saline flush was used. Injection catheter 
^Model 906, Harvard Apparatus Co., Inc., Dover, Massachusetts. 
^Model X-302, The Waters Co., Rochester, Minnesota. 
Model Co-4 Cardiac Output Computer, The Waters Co., Rochester 
Minnesota, 
A 
Model 350-2700, Hewlett Packard, Sanborn Division, Waltham, 
Massachusetts. 
I 
•# 
Figure 4. Schematic drawing showing the relationship between the electronic instruments 
used in recording dye-dilution curves 
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dead space was about 1.5 ml so 1 ml of d^e could be flushed slowly into 
the catheter with a tuberculin syringe. Then 8 ml of saline was flushed 
rapidly into the catheter, already containing the 1 ml of dye, to effect 
a rapid bolus injection of the dye. 
A pneumatic injector was used in calves where blood withdrawal 
from the injection catheter was possible or where sheath formation was 
thought not to be severe. This was the much preferred method of injection 
because no saline flush was used and uniformity of injection was much 
greater. 
The injector (Figures 5 and 6) is similar, in principle, to one 
described by Reininger (1968). However, it is less complex in that no 
saline flush mechanism is incorporated. The injector consists of two 
syringes individually mounted in Plexiglass blocks. An inverted 10 ml 
glass syringe^ acts as a pneumatic cylinder to drive a 2.5 ml injection 
syringe,2 The plunger of the injection syringe is spring-loaded so that 
both syringes return to their resting position after an injection, A 
Plexiglass collar, attached to the pneumatic plunger, fits over and rests 
upon the injection plunger. Activation of a 3-way solenoid valve allows 
compressed air to enter the pneumatic syringe which then acts as a piston 
to drive the injection syringe. When the collar on the end of the pneu­
matic plunger hits a limit microswitch, the solenoid valve closes and 
^B-D Multifit, Becton, Dickinson, and Co., Rutherford, New Jersey. 
^Gastight No, 1002, Hamilton Co,, Inc., Whittier, California, 
Figure 5. Front view of pneumatic dye injector; a, pneumatic syringe; 
b, injection syringe; c, limit microswitch; d, 2-way non­
return valve; e, to animal; f, to dye reservoir 
Figure 6. Rear view of pneumatic dye injector; a, 3-way solenoid 
valve; b, to compressed air cylinder; c, to pneumatic 
syringe; d, relay 
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pressure is released in the pneumatic syringe. The spring-loaded in­
jection syringe automatically refills from a dye reservoir as both 
syringes return to their original positions. A second injection cannot 
be made until a reset button is depressed to reactivate the circuit. 
A 2-way nonreturn valve^ is attached to the injection syringe to 
allow automatic, refilling. The limit microswitch is fixed on an adjust­
able mounting -vdiich allows injection volume to be changed easily by loos­
ening two wing nuts . A simple doorbell switch is used to activate the 
injector. Pressure (3.524 kg/cm2) for the pneumatic syringe is supplied 
from a cylinder of compressed air. Teflon tubing and Leur-Lok adapters^ 
connect the solenoid valve to the pneumatic syringe. îtylon tubing and 
Swagelok fittings^ connect the pressure reduction valve on the compressed 
air cylinder to the solenoid valve. 
Injection time was less than 0.5 sec. Reliability of injection 
volume was determined gravimetrically, A series of 20 consecutive in­
jections resulted in a coefficient of variation less than 1%. 
Experiments were performed with calves 6371 and 6372 to study the 
effect of site of dye injection on portal blood flow. Dye injection was 
alternated between injection catheters established at different sites in 
the same animal. Experiments were conducted the same time each day for 
several days. An experiment was also done with a calf under anesthesia 
to determine the effect of injecting dye at peak inspiration or expira­
tion. The pneumatic injector was used in all of these studies. 
%o. 470V-1, Beeton, Dickinson, and Co., Rutherford, New Jersey. 
2 Becton, Dickinson, and Co., Rutherford, New Jersey. 
^Crawford Fitting Co., Solon, Ohio. 
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Detection of Indocyanine green dye 
After indocyanine green dye injection, portal blood was withdrawn 
continuously through a cuvette-densitometer system. The system monitored 
dye concentration at 805 m;i and was insensitive to ojqrgen or carbon di­
oxide saturation and to hematocrit. Response of the system was periodical­
ly checked by use of several blood-dye standards. It was found that, if 
the cuvette lumen was not cleaned very carefully after each use, its re­
sponse was in error. Therefore, the lumen was thoroughly flushed with a 
Haemosol^ solution and rinsed with distilled water. 
Because the work by Saunders et al. (1970) indicates indocyanine 
green dye undergoes a spectral shift with time after injection, the effect 
of catheter delay time on blood flow values was studied. Two cuvette-
densitometer systems were connected in series so that each dye-dilution 
curve was recorded twice. By varying the length of tubing between the 
calf and the first cuvette, or between the two cuvettes, different ar­
rival times could be produced. 
Calculation of blood flow 
A cardiac output computer was used to automatically compute portal 
blood flow in all these studies. The computer received its electrical 
input from the densitometer and integrated the area under the dye curve 
from its inception to a point (75% of the peak) on the downslope. From 
the 75% point the computer analyzed an assumed exponential decay of the 
curve. At 50% of the peak the answer was predicted and the direct digital 
^Meinecke and Co., Inc., Baltimore, Maryland. 
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readout of blood flow was obtained. This method avoided error due to 
possible recirculation of dye occurring before the primary dye curve was 
recorded. Recirculation was seldom observed in these studies. 
Calibration was done electronically and was verified by standard 
blood-dye solutions. Initially curve areas were also measured by plani­
metry. Calculation of blood flow from these areas agreed well with the 
computer values for the same curve. 
Preparation of Test Solutions 
Test solutions for absorption studies contained 50% (w/v) glucose 
and were prepared according to calf weight. Doses were 0.35, 0.70, or 
1.40 g glucose/kg body weight. Final volume of each solution was measured 
and the glucose was labeled by addition of about 500 ^ Ci UL-^^C-glucose.^ 
An aliquot of each test solution was saved for determination of radio­
activity. 
Experimental Procedures for Absorption Studies 
The general plan of these experiments was to introduce a known 
amount of radioactivity into the duodenum of the calf and directly measure 
the absorption of radioactivity into the blood. If the direct method of 
measuring absorption is valid, the sum of the absorbed radioactivity and 
the amount collected in ileal digesta should approximate 100% of the 
dose. 
^International Chemical and Nuclear Corp., Irving, California. 
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Each calf was fed before an experiment and after being weighed was 
brought into the nutrition laboratory and placed in a metabolism stall 
(Figure 7). The test solution was infused (within 3-5 min) via the duo­
denal catheter after 0-time samples were taken and portal blood flow was de­
termined. Calf weights, glucose dose and feed consumption before each 
experiment are recorded in Table 1. 
Table 1. Calf weights, pre-experimental feed consumption, and glucose 
doses for individual absorption experiments 
Calf Date Weight 
Feed 
consumption Glucose 1 dose 
kg kg g/kg BW S ;iCi 
6435 12-19-70 161.8 0.9 W M a a mm ^  » 
6461 2-07-71 171.8 2.2 - - -
6416 11-18-70 178.0 2.3 0.35 62.3 571 
6435 12-21-70 161.8 0.9 0.35 56.6 500 
6461 2-02-71 163.6 2.3 0.35 57.3 500 
6371 9-18-70 225.0 2.3 0.70 157.5 536 
6416 10-14-70 157.7 • 1.4 0.70 110.4 500 
6435 10-21-70 154.5 0.5 0.70 108.2 492 
6416 11-24-70 175.5 1.6 0.70 122.9 498 
6461 1-25-71 163.6 1.1 1.00 163.6 462 
6435 10-26-70 157.3 1.8 1.40 220.0 484 
6416 10-31-70 168.2 1.6 1.40 235.5 500 
6435 12-23-70 161.8 0.5 1.40 226.5 500 
6461 1-27-71 163.6 1.4 1.40 229.0 553 
14c02 collection 
The calf was fitted with a facemask (Figure 8) which was connected, 
by means of a 3-way valve, to a respiration meter^ for measuring total 
volume of expired air. The meter allowed shunting of an aliquot of air 
^Zentralwerkstatt cSttingen, Gottingen, West Germany. 
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through a CO^ collection trap made from three 250 ml beakers and inverted 
35 mm funnels connected in series. The aliquot was forced through tie 
inverted funnels and bubbled into 15 ml of 1 N NaOH. The aliquot of air 
shunted through the trap was checked accurately by a wet test meter^ 
connected to the trap outflow tube. Each time the trap was changed (0, 
1/2, 1, 1-1/2, 2, 2-1/2, 3, 3-1/2, 4, 5 hr) the contents of each beaker 
were poured into a test tube and the tube was corked tightly. 
Blood sampling 
Blood samples of at least 23 ml were simultaneously withdrawn via 
arterial and portal catheters at 0, 1/2, 1, 1-1/2, 2, 2-1/2, 3, 4, 5 hr 
after administration of the test solution. 
Blood flow 
Portal blood flow was determined after each blood sampling. When 
possible, at least three dye-dilution curves were recorded at each inter­
val, The saline flush method was used for dye injection in all experi­
ments with calf 6416 and in two experiments with calf 6435 (10-21- and 
10-26-70). The pneumatic injector was used in all experiments with 
calves 6461 and 6371 and in three experiments with calf 6435 (12-19-, 
12-21-, and 12-23-70), 
Digesta collection 
The re-entrant cannula was disconnected and total collection of 
digesta begun before administration of the test solution, A curved 
^Precision Scientific Co., Chicago, Illinois 
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Plexiglass tube, with a length of drainage tubing^ attached, was in­
serted into the proximal cannula; the distal cannula was stoppered to 
prevent loss of intestinal secretions. The drainage tubing led to a 
bedside drainage bag^ in which digesta was collected (Figure 9) and 
was immediately stored at -20 C, Bags were changed at different intervals 
since digesta flow was quite variable. 
Analytical Techniques 
Deproteinization of blood and digesta 
After withdrawal of blood into heparinized syringes, 20 ml of blood 
was transferred to a centrifuge bottle containing 100 ml of distilled water. 
Protein was precipitated by the method of Somogyi (1945). After centrifu-
gation of samples at 8000 X g for 20 min, the supematants were filtered 
and divided for further analyses. 
Duplicate 30 ml aliquots of digesta were centrifuged at 12,350 X g 
for 20 min. A protein-free filtrate was prepared from each supernatant 
(Somogyi, 1945). Occasionally the protein-free filtrates were slightly 
yellow but this did not interfere with any subsequent analyses. 
All protein-free filtrates were stored at -20 C until analyzed. 
Concentration of blood and digesta constituents 
Hemoglobin concentration of all blood samples was determined by the 
method of Van Kampen and Zijlstra (1961). P-A differences were small and 
1 
Davol Rubber Co., Providence, Rhode Island. 
2 
C. R. Bard, Inc., Murray Hill, New Jersey. 
Figure 7. View of calf in metabolism stall during an absorption study-
involving determination of portal blood flow, collection 
of expired CO2, and total collection of ileal digesta 
Figure 8. Facemask, equipped with a moisture trap, used for collecting 
expired 14co2 during ^^-glucose absorption experiments 
Figure 9. Collection of digesta via re-entrant ileal cannula during 
an absorption experiment 
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fell in the range of error for duplicate determinations (see Appendix 
Tables 17-30). Therefore no corrections were made for hemoglobin con­
centration. 
Blood glucose was determined by the enzymatic glucose oxidase pro­
cedure^ using protein-free filtrates. 
Blood and digesta L-(+)-lactate was determined enzymatically by the 
method of Hohorst (1965) on protein-free filtrates. 
CO2 radioactivity 
One ml of CO2 trap solution was added to a scintillation vial. After 
adding 10 ml of Cab-O-Sil counting fluid (Casjens and Morris, 1965) the 
mixture was shaken thoroughly. Samples were counted for 10 min in a 
2 
Packard Model 3002 Tri Carb Liquid Scintillation Spectrometer. Correc­
tion was made for background and counting efficiency as determined with 
toluene as an internal standard. 
Blood and digesta radioactivity 
Total radioactivity of blood and digesta protein-free filtrates was 
determined by pipetting 3 ml and 2 ml, respectively, of filtrate into a 
scintillation vial, adding 15 ml XDC counting fluid (Bruno and Christian, 
1961), and counting for 10 min. All counts were corrected for counting 
efficiency and background and expressed as dpm/mlof blood or digesta. 
^Glucostat X 4, Worthington Biochemical Corp., Freehold, New Jersey. 
9 
Packard Instrument Co., Inc., Downers Grove, Illinois. 
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Glucose radioactivif.y of all blood protein-free filtrates was de­
termined by isolation of pentaacetate derivative of glucose (Jones, 
1965). Unlabeled glucose (100 mg) was added to 100 ml fractions of protein-
free filtrate. Filtrates were freeze-dried and stored at -20 C until 
they were analyzed further. Glucose pentaacetate crystals were formed 
twice and melting points of each sample were taken to check purity. In 
all cases two crystallizations proved to be sufficient. 
Specific radioactivity of lactate in selected blood samples was de­
termined. About 350 ml of protein-free filtrate was made alkaline and 
was freeze-dried. Organic acids were extracted with ether and then were 
separated by silicic acid chromatography (Ramsey, 1963). Ten ml fractions 
of eluant were collected in scintillation vials and were titrated to a 
thymolphthalein end point with standardized ethanolic KOH. More ethanolic 
KOH was added to each vial and then the solvent was evaporated to dryness. 
After adding 1 ml of 1 M acetic acid and 10 ml of XDC scintillation fluid 
to each vial, fractions were counted for 10 min. Correction was made for 
counting efficiency and background. Specific radioactivity was expressed 
as dpm/pnole of lactate. 
Absorption Calculations 
Absorption of total radioactivity, glucose radioactivity, and total 
glucose (labeled and unlabeled) was calculated from the values for P-A 
concentration differences and portal blood flow. Three methods of calcu­
lation were compared. 
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Method I 
Absorption for a given time interval was calculated as the product 
of the P-A difference at the end of that interval and the portal blood 
flow at that time. In these experiments, the products obtained for the 
six 1/2-hour and two 1-hour intervals were summed to give total absorp­
tion for the 5-hour experimental period. 
Absorption also was calculated using a slight modification of this 
method. Instead of blood flow for each interval, the overall mean blood 
flow for the experiment was used. 
Method II 
Specific activity-time curves for total radioactivity and glucose 
radioactivity or concentration-time curves, for total glucose were con­
structed by connecting data points with straight lines (Figure 10). Total 
areas under both the arterial and the portal curves were determined by 
planimetry. Arterial curve area was subtracted from portal curve area. 
This difference in area was multiplied by the overall mean blood flow for 
the experiment to give total absorption for the 5-hour period. 
Method III 
This method was similar to method II since difference in area of 
portal and arterial specific activity - or concentration-time curves 
was multiplied by the overall experimental mean blood flow. However, com­
puter analysis, rather than planimetry, was used to obtain curve areas. 
A cmputer program was used which converted the experimental values 
for concentration, specific activity, and time to common log form. The 
Figure 10. Typical arterial and portal blood specific activity-time 
curves obtained after administration of ^^-glucose into 
the duodenum of a calf 
Figure 11. Typical arterial and portal blood specific activity-time 
curves obtained after administration of ^^C-glucose into 
the duodenum of a calf; a computer graphing routine was 
used to plot the smooth curve which fit the data points 
best 
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log-log relationship then was fitted to an n-degree polynomial of the 
form E(X) = A + Bj^t + Bgt^ + ....B^t^ where E(X) = log^g concentration 
or log^Q specific activity at a specified time, log^^t. Polynomials of 
degree two, three, and four were fitted to each log-log relationship and 
the function which fit the data points best was selected. A graph of 
predicted values and data points, which was plotted by the computer, was 
used to select the best function. The coefficients (A, B]^....B^), 
describing the selected polynomial, were used in a subroutine which used 
the trapezoidal rule for integration. Values for concentration or 
specific activity, Y(I), were predicted at 1-minute intervals from the 
relationship Y(I)=10^(*) and then were used in the integration subroutine 
to compute area under the curve. 
Concentration- or specific activity-time curves (Figure 11), defined at 
1-minute intervals by the best-fit polynomial, were plotted by a computer 
graphing routine. The experimental data points were superimposed on the 
plot to show how well the predicted function represented the data. 
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RESULTS AND DISCUSSION 
Effect of Arrival Time on Portal Blood Flow 
The portal sampling needle was found to be nonfunctional upon 
initial activation in calf 6372. However, use of the portal retrograde 
dye injection catheter for blood withdrawal, and either the duodenal or 
mesenteric catheter for dye injection, produced excellent dye-dilution 
curves. Curves were recorded using both injection catheters because any 
effect of site of injection would not be important to the results of 
this study. 
Examination of 6372 after sacrifice revealed that the disposition 
of all three catheters was satisfactory for blood flow measurements. 
The portal catheter was not retrograde, but had flipped back down­
stream so that its tip was at the entrance to the portal sinus. The 
tips of the duodenal and mesenteric injection catheters were about 8 cm 
and 25 cm, respectively, from the tip of the portal catheter. The 
sampling needle had not functioned because of a broken solder joint in 
the piston. 
Duplicates in sequence of 128 dye-dilution curves were recorded by 
two densitometers connected in series. The first curve was typical of a 
normal dye-dilution curve; the second curve was usually slurred somewhat 
(Figure 12) due to the added length of tubing required to produce the 
longer arrival time. Others have observed this same phenomenon 
(Bassingthwaighte et al., 1962 and Opdyke, 1965). 
Figure 12, Typical recording of first- and second-recorded dye-dllution curves In a study on 
the effect of appearance time on portal blood flow 
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Two factors were considered when comparisons of the first and 
second curves were made. First, it was difficult to match the response 
of the two densitometers because the lumens of the cuvette flow cells 
were not always identical. Therefore, standard blood-dye solutions were 
used to check the response of both cuvettes before experiments were run. 
Secondly, the computer, which could be used with only one densitometer, 
boosted the densitometer signal about 10 times. Therefore the curve 
areas, determined by planimetry, had to be corrected for these two fac­
tors. 
Arrival time is defined, for purposes of discussion, as the time 
from injection of the dye to the inception of the dye-dilution curve. 
Mean arrival times are shown in Table 2. The first curves were recorded 
6-8 sec after dye injection. According to Saunders et al. (1970) this 
was the minimum time required for the spectral shift of indocyanine 
green. To assure that blood flow would not be overestimated, arrival 
times of greater than 6 sec were selected for the second curves. With 
the arrival times used, results of 128 comparisons between the first and 
second curves showed no difference in curve area and thus confirmed the 
work of Saunders et al. (1970). Because no arrival times of less than 6 
sec were tested, the possibility of overestimating portal blood flow 
still is not ruled out when arrival times of less than 6 sec are observed. 
It was concluded that arrival times of at least 6 sec would be 
considered acceptable in subsequent determinations. 
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Table 2, Mean arrival times^ of first and second dye-dilution curves 
after dye injection into either a duodenal or mesenteric 
vein catheter of calf 6372 
Number of Mean arrival times 
Date Injection site curves First Second 
---------sec 
8—26—70 Duodenal 21 6.0 12.5 
Mesenteric 16 7.5 14.0 
8—27—70 Duodenal 16 6.5 13.0 
Mesenteric 17 7.0 13.5 
8—28—70 Duodenal 15 6.0 13.0 
Mesenteric 18 8.0 15.0 
8-31-70 Duodenal 11 6.0 21.5 
Mesenteric 7 7.5 23.0 
9-4-70 Duodenal 7 19.0 22.5 
^Arrival time determined to nearest 1/2 sec. 
Effects of Respiration on Portal Blood Flow 
Respiration has an influence upon intrathoracic and intraabdominal 
pressures. The phasic changes in these two pressures during respiration 
play an important role in venous return. An increased flow of blood in­
to the right atrium during inspiration is caused by two factors (Guyton, 
1963). First, downward and/or backward movement of the diaphragm de­
creases intrathoracic and right atrial pressures which aid in the move­
ment of blood toward the heart. Second, movement of the diaphragm in­
creases intraabdominal pressure which in turn compresses veins of the 
abdomen and forces blood toward the heart. Thus, as in other abdominal 
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veins, flow in the portal vein may exhibit a slight pulsatile nature 
phased with respiration. Since venous return, under normal conditions, 
determines cardiac output, it is reasonable to expect a phasic increase 
in cardiac output during inspiration. 
Opdyke and Sniffen (1959) and Opdyke (1965) used the dye-dilution 
method to demonstrate an increase in cardiac output during inspiration 
in anesthetized dogs. Respiration was maintained at a slow rate, and 
dye injection was made at the proper phase of respiration, so that a 
dye-dilution curve was recorded during a single phase of respiration. 
Bassingthwaighte £t al. (1962) minimized the possibility of respiration 
causing variation in single determinations of cardiac output. A rapid 
respiration rate (40/min) was maintained in anesthetized dogs, so that 
a dye-dilution curve was recorded over several respiratory cycles and 
was representative of mean flow for that time. 
In the present experiments with portal blood flow, respiration rates 
were usually 30/min or greater, so that dye-dilution curves were also 
recorded over several respiratory cycles regardless of when dye was in­
jected (Figure 13). Therefore, if respiration causes phasic variation 
in portal blood flow in calves, the error introduced into blood flow de­
terminations would be small. This is supported by results of an experi­
ment with an anesthetized calf. 
Calf 6372 was maintained at a level of anesthesia to assure a con­
stant respiration rate of about 30/min, No artificial respirator was 
required. 
Dye-dilution curves obtained after injections of dye at the onset 
Figure 13. Dye-dilution curves recorded after dye injection at inspiration and expiration, 
respectively 
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of either inspiration or expiration were very uniform (Figure 13). Fig­
ure 13 also shows that portal blood pressure Increased after dye inj.ac­
tion. This effect probably would have been more pronounced had the saline 
flush method of injection been used rather than the pneumatic injector. 
However, portal pressure was not measured during injections by the saline 
flush method. 
Portal blood flow data are presented in Table 3. The mean blood 
flow values, resulting from dye injection at either inspiration or ex­
piration, 4.94 1/min and 4.74 1/min respectively, were similar. Thus, it 
is concluded that in subsequent experiments there would be no advantage 
in phasing dye injection with respiration. 
Although small changes in portal blood flow associated with respira­
tion were not assumed to be a significant source of error in these studies, 
indirect evidence was obtained which supports a pulsatile nature of portal 
blood flow. Portal pressure was monitored in an anesthetized calf (6372) 
via a duodenal vein catheter. Figure 14 shows that portal pressure in­
creased 1-2 mm Hg with each inspiration. The same pressure pattern was 
observed when the same calf was conscious. Portal pressure was monitored 
simultaneously via portal, duodenal,and mesenteric vein catheters. Pres­
sures averaged 9-14 mm Hg and increased 2-3 mm Hg with inspiration as 
shown in Figure 15. Additional recordings with calf 6371 were similar. 
The mean portal and mesenteric vein pressures in all recordings are 
similar to portal pressures reported in humans (Reynolds, Ito, and 
Iwatsuki, 1970) and in dogs (Sato et al., 1969). Arterial blood 
pressure was also recorded in calf 6372 but no obvious relationship 
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Table 3. Portal blood flow values obtained by consecutive injections 
of indocyanine green dye at either inspiration or expiration 
in an anesthetized calf 
Portal blood flow 
Dye injected at Dye injected at 
inspiration expiration 
6.51 
8.09 
5.70 
6.96 
6.49 
4.29 
4.67 
5.50 
4.10 
3.68 
3.26 
3.49 
3.37 
4.05 
3.90 
-1/min-
6.16 
7.45 
5.89 
5.11 
4.56 
3.41 
4.71 
4.08 
3.79 
3.84 
4.18 
3.66 
Mean 4.94 Mean 4.74 
Figure 14. Simultaneous recording of intraabdominal pressure, 
portal blood pressure, and respiration rate in calf 
6^72; arrows indicate events at a peak inspiration 
RESPIRATION PORTAL BLOOD 
RATE PRESSURE 
m Hg 
INTRAABDOMINAL 
PRESSURE 
mm Hg 
Figure 15. Simultaneous recording of portal blood pressure, via three 
different venous catheters, and respiration rate in calf 
6372; arrows indicate events at a peak inspiration 
RESPIRATION PORTAL BLOOD 
RATE PRESSURE (MESENTERIC VEIN) 
mm Hg 
PORTAL BLOOD PORTAL BLOOD 
PRESSURE PRESSURE (DUODENAL VEIN) (PORTAL VEIN) 
mm Hg -mm Hg 
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with venous pressure or respiration was observed. 
Intraabdominal pressure was monitored in calf 6372. Figure 14 
shows that intraabdominal pressure averaged about -2 mm Hg. Guyton and 
Adkins (1954) measured similar intraabdominal pressures (-1.5 to 4.0 
mm Hg) in anesthetized dogs. There was a definite relationship between 
respiration, portal pressure, and intraabdominal, pressure (Figure 14). 
Intraabdominal pressure decreased with inspiration. Recordings made 
several days later revealed an increase in intraabdominal pressure. In 
view of the diaphragmatic movements and portal pressure changes with 
respiration, intraabdominal pressure would be expected to increase. More 
studies with calves are needed to establish the direction of intra­
abdominal pressure changes with respiration. 
Effect of Site of Dye Injection on Portal Blood Flow 
The shape of all dye-dilution curves, recorded in this experiment 
with calf 6372, was excellent. The duodenal injection catheter remained 
open to blood withdrawal throughout the experiment, whereas the mesenteric 
injection catheter was open intermittently to withdrawal. Postmortem ex­
amination revealed no sheath formation about the duodenal catheter tip, 
which explains its patency. The mesenteric catheter, however, was sheathed. 
Results (Table 4) were not subjected to an analysis of variance. However, 
it is evident that there was considerable variation among single blood 
flow determinations, and that the overall means, resulting from either 
duodenal or mesenteric vein dye injection, were similar. 
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Table 4. Portal blood flow values obtained by alternate injection of 
dye via a duodenal vein (D) or mesenteric vein (M) injuctioa 
catheter in calf 6372 
Date 
Injection site 
and sequence 
Portai blood flow^ 
Determinations Mean t SE 
ml/min/kg 
8—26—70 D 3 41.61 + 2.40 
M 8 40.44 ± 2.64 
D 5 35.16 + 4.06 
M 8 35.84 + 3.13 
D 13 30.81 i 1.81 
8—27^70 M 8 39.71 + 1.91 
D 8 44.84 t 3.42 
M 9 36.68 ± 2.30 
D 8 47.43 t 2.35 
8—28—70 D 8 54.33 ± 2.54 
M 8 44.40 ±3.08 
D 7 35.01 ± 2.69 
M 10 30.37 ± 1.81 
8-31-70 M 7 41.03 t 3.08 
D 11 47.48 ± 2.74 
9-4-70 D 7 28.22 t 5.23 
All days D 70 40.54 ±3.03 
M 58 38.35 ± 2.56 
^All experiments conducted 2-4 hr after calf consumed 2.3 kg con­
centrate. 
A second experiment was conducted with calf 6371. Although three 
injection catheters were established, only the ruminai and mesenteric 
vein catheters could be used for blood flow studies. The ruminai vein 
catheter remained open to blood withdrawal throughout the experiments, 
but the mesenteric catheter did not remain open to withdrawal. The tips 
of the two catheters, as determined by postmortem examination, were located 
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10-15 cm upstream from the portal sampling needle. The mesenteric vein 
catheter was sheathed, which explains why it was not open to blood with­
drawal, Most dye-dilution curves had acceptable shapes. The tip of 
the duodenal catheter was located just beyond the sampling needle, so 
that injected dye could not be monitored. 
The results are summarized in Table 5. The means and standard 
errors for individual series of blood flow determinations are included 
to demonstrate the large variation in single determinations and to 
emphasize the desirability of representing flow for a specific time as 
the mean of several determinations (McGilliard et al., 1971). The 
analysis of variance of means, in 1/min, is in Table 6. Weight was con­
stant over the 6-day period, so analyzing the results either as 1/min or 
as ml/min/kg made no difference. The effect of site of dye injection 
on portal blood flow was nonsignificant (p>0.05). Bassingthwaighte et 
al. (1962) observed similar variation among single determinations of car­
diac output when comparing injection sites, but they also found good 
agreement among means. 
The day effect and day by site interaction approached significance 
(p>0.05). Day to day variation of portal blood flow in the same animal 
also was observed by McGilliard et al. (1971). The interaction suggests 
that dye injection via the same site did not give the same results from 
day to day. Some day to day variation due to feeding may have been 
present. Bensadoun and Reid (1962) observed increases in portal blood 
flow of sheep 3-7 hr after feeding. Because, in the present study, feed 
consumption was the same each day and because experiments were run 
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Table 5. Portal blood flow values obtained on six consecutive days by 
alternate injection of dye via a mesenteric vein (M) or 
ruminai vein (R) injection catheter in calf 6371 
Injection site Portal blood flow 
Day a sequence De termina tions Mean ir SE 
ml/min/kg 
M 5 47.88 t 4.28 
R 4 32.96 t 2.82 
R 3 34.83 ± 4.52 
M 3 36.69 t 4.04 
M 5 44.28 t 5.65 
R 4 29.70 t 3.68 
R 3 39.30 t 3.31 
M 3 39.21 t 3.31 
M 4 44.29 t 5.66 
R 3 35.20 t 4.52 
M 4 37.72 ± 2.66 
R 3 34.73 ± 4.77 
M 5 43.08 t 5.38 
R 5 38.18 t 6.35 
R 4 37.06 + 4.73 
M 3 58.60 t 5.36 
M 3 63.87 t 9.23 
R 3 54.50 t 9.12 
M 4 63.96 ± 6.50 
R 4 35.15 t 4.29 
R 4 56.60 |l3.43 
M 4 43.59 - 5.69 
R 3 41.54 ±14.54 
M 4 45.18 t 3.40 
M 4 37.58 t 6.13 
R 3 29.93 t 5.28 
R 4 43.36 + 4.85 
M 4 32.82 t 2.01 
M 4 36.32 ± 4.08 
R 2 55.15 t 9.95 
R 4 33.15 t 2.84 
M 4 29.93 t 0.75 
M 4 32.83 t 4.55 
R 3 34.22 ± 7.51 
R 7 39.39 t 5.71 
M 4 56.22 t 8.14 
R 4 46.81 ±10.35 
M 4 42.94 t 6.50 
6 4-6 5 
Table 6, Analysis of variance of portal blood flow values obtained by 
alternate injection of dye via mesenteric vein or ruminai 
vein injection sites 
Source of variation d,f. Mean squares iipif 
Day 5 6,34 2.16 N.S.a 
Site 1 6,36 2.17 N.S,a 
Day X site 5 6,61 2.26 N.S,a 
Error 26 2,93 
^Nonsignificant, p > 0.05, 
at the same time after feeding, any variation in blood flow, due to 
feeding, was assumed to be uniform. 
Any variation in cardiac output or portal blood flow, attributed 
to site of indicator injection, is likely to be caused by incomplete 
mixing of the indicator upon injection into the blood. Thorough mixing 
of indicator is a basic assumption of the indicator-dilution method of 
measuring flo*- (Zierler, 1962). Pavek e^al. (1970) discuss the complete­
ness of mixing of indicator in various parts of the vascular system in­
volved in cardiac output studies. However, the vasculature of the portal 
system is quite different. The present studies do not allow a direct 
evaluation of the completeness of mixing of indicator in the portal system. 
Early work by Schambye (1955a) demonstrated complete mixing of 
32 P-labeled erythrocytes or Evans blue dye when they were infused into 
a branch of the mesenteric vein. The portal blood samples were shown 
to be representative of total portal flow, Schambye (1955a) also pointed 
out the anatomical relationships of the portal vessels which enhance 
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mixing. The angle, at which the gastrosplenic and anterior mesenteric 
veins join to form the portal vein, creates an area of turbulence. There­
fore, indicator injected into either of these two tributaries of the 
portal should mix well with blood before it is sampled in the portal vein. 
Due to the well-shaped dye-dilution curves, the insignificant effect 
of injection site on portal blood flow, the anatomical relationships of 
the confluent veins,and the high speed dye injection, it is concluded 
that mixing of dye was not a major source of error in these studies. 
Glucose Absorption Experiments 
Portal blood flow 
Individual portal blood flow values for 14 glucose absorption ex­
periments, expressed on a body weight basis, fell within the range of 
portal blood flows reported in sheep (Schambye, 1955a, 1955b; Fegler and 
Hill, 1958; Roe et , 1966; Katz and Bergman, 1969a; Bergman £t al., 
1970) and in calves (Fries and Conner, 1961; Carr and Jacobson, 1968; 
McGilliard et al,, 1971). In general, there was considerable variation 
among single determinations as in most of the studies cited. Therefore, 
as suggested by McGilliard et al. (1971), flow at a given time during 
absorption experiments was represented as a mean of several determina­
tions made within 1-2 min. 
The analysis of variance for blood flow data from 13 absorption ex­
periments is presented in Table 7. The four treatments were the control 
and the low, medium, and high levels of glucose administration. Period 
refers to interval after administration of the glucose test solutions. 
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Table 7, Analysis of variance* of portal blood flow values determined 
during ^^C-glucose absorption experiments 
Source of variation d.f. Mean squares "F" 
Animal 2 678.44 4.32 N.S.^ 
Treatment 3 81.41 0.52 N.S.b 
Period 8 73.42 1.36 N.S.b 
linear 1 346.70 6.41* 
quadratic 1 17.40 0.32 N.S.* 
Animal X treatment 5 157.03 2.90* 
Animal X period 16 61.71 1.14 N.S.b 
Treatment X period 24 33.48 0.62 N.S.b 
Error 57 54.11 
^Split-plot design. 
Nonsignificant (p > 0.05). 
*(p< 0.05). 
Calf 6371, used for a preliminary experiment, was not included in the 
analysis since it received only one treatment. 
The differences in blood flow between animals were nonsignificant 
(P ^  0.05). McGilliard et al. (1971), who expressed blood flow as ml/sec, 
observed large variation between different animals. However, when their 
blood flow data were calculated on a body weight basis, the differences 
were somewhat smaller. Katz and Bergman (1969a) found higher portal 
blood flow in pregnant as compared to nonpregnant sheep. On a body weight 
basis, the differences between animals were nonsignificant. Bergman et al. 
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(1970) measured portal blood flow in pregnant and nonpregnant fed or 
fasted sheep, and demonstrated fairly uniform average blood flows between 
animals. These sheep were automatically fed at 1/2-hour intervals so 
any variation due to feeding was minimized. Although the results of the 
present experiments concur with other reports, it would have been de­
sirable to have more animals upon which to base conclusions concerning 
between animal variation. 
The treatment effect is nonsignificant (p > 0.05). This suggests 
that portal blood flow was the same whether a calf was fed or was given 
different amounts of glucose (hypertonic; 50% solution) via infusion in­
to the duodenum. With nonruminants, hypertonic glucose infusion or in­
gestion into the gut causes a large increase in splanchnic and mesenteric 
blood flow. In fact, blood flow preferentially increases in the segment 
absorbing the glucose (Mao and Jacobson, 1970). It was not determined 
if these increases in regional blood flow caused an increase in portal 
blood flow. In the present studies, the hypertonic glucose may have in­
creased flow to the areas of the duodenum and jejunum which were absorb­
ing glucose. However, a consideration of the portal anatomy (Heath, 
1968) suggests this contribution to portal fl"*w is small compared to the 
total portal flow. In addition, it is believed, in nonruminants at least, 
that cardiac output may be redistributed during absorption (Mao and 
Jacobson, 1970) so that duodenal flow would increase while gastric flow, 
for example, might decrease. Thus, the net effect would be no change in 
portal blood flow as was observed in the present experiments . 
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The nonsignificant (p ^  0.05) effect of period (time after glucose 
dose or feeding) suggests that no large changes in portal blood flow oc­
curred during the 5-hour experiments. However, periods were subjected 
to a regression analysis and a significant linear effect (p < 0.05) was 
observed. The regression equation (Y = 36.03 - 0.74P; Y = portal blood 
flow and P = period) suggests a small decline in blood flow over a 5-hour 
experiment. This decline does not support the work of Bensadoun and 
Reid (1962) who reported that portal blood flow increased in sheep to a 
maximum at about 6 hr after feeding and returned to normal after about 
9-10 hr. Katz and Bergman (1969a) found that blood flows in sheep were 
significantly elevated at only 3 hr after feeding. Because in the present 
experiments 1-2 hr usually elapsed between feeding and the start of an 
absorption experiment, it is possible that blood flow had peaked after 
feeding and was already on the decline when the first blood flow de­
termination was made. 
The animal by treatment interaction is significant (p <. 0.05) 
which suggests that the animals did not respond the same to a given 
treatment. Animal differences probably are responsible for the significant 
interaction. Animal by period and treatment by period interactions were 
nonsignificant (p > 0.05). 
The major reason for the analysis of variance of blood flow data 
was to determine whether portal blood flow was constant over periods. 
If so, the overall experimental blood flow could be used in absorption 
calculations. If significant variation existed, then individual 1/2-hour 
blood flow values should be used in absorption calculations. On the basis 
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of the nonsignificant effect of period, portal blood flow could be as­
sumed to be constant over periods. The significant linear effect, on 
the other hand, suggests that individual blood flows should be used in 
absorption calculations. Using the predicted linear regression equa­
tion, blood flow decreased from 36.51 ml/min/kg at the start of an ex­
periment to 29.37 ml/min/kg at the end of 5 hr. Compared to variation 
among individual blood flow determinations, this decrease does not seem 
large. Table 8 presents a further basis for using an overall mean blood 
flow in absorption calculations. Absorption of total radioactivity was, 
in most cases, similar whether mean blood flow or 1/2-hour blood flow 
values were used. The mean percent difference for the 12 experiments 
was 5.5%. In the experiments with calf 6416 where the differences were 
large, the shape of the dye-dilution curves was not satisfactory (Fig­
ure 22), and thus, blood flow values may have been inaccurate. 
Sheathing of the venous dye injection catheters (McGilliard and 
Thorp, 1971) is likely to cause nonuniform dye injection and thus cause 
irregular shaped dye-dilution curves. If some dye is trapped by the 
sheath during an injection, the dye-dilution curve will have a smaller 
area and blood flow will be overestimated. 
Figure 16 shows the dissected section of mesenteric vein in which 
the two dye injection catheters were located in calf 6461, Because 
the lower catheter had doubled over, probably during surgical establish­
ment, it was nonfunctional. The upper injection catheter was used in all 
the absorption experiments with this calf, and blood could be withdrawn 
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Table 8. Comparison of two methods used in calculating total radio­
activity absorbed into the blood after duodenal adminis­
tration of 14c-gluco8e 
Animal Date 
Total radioactivity absorbed 
Method la Method Percent 
difference 
6371 9-18-70 362 
-;aCi-
365 0.8 
6416 
6416 
6416 
6416 
10-14-70 
10-31-70 
11-18-70 
11-24-70 
958 
270 
1067 
266 
966 
221 
920 
263 
0.8 
20.0 
14.8 
1.1 
6435 
6435 
6435 
6435 
10-21-70 
10-26-70 
12-21-70 
12-23-70 
164 
202 
363 
254 
158 
181 
356 
250 
3.7 
11.0 
1.9 
1.6 
6461 
6461 
6461 
1-25-71 
1-27-71 
2- 2-71 
440 
559 
488 
446 
567 
528 
1.4 
1.4 
7.9 
^Sum of 1/2-hour absorption estimates calculated from 1/2-hour P-A 
differences and 1/2-hour blood flows. 
hstnn of 1/2-hour absorption estimates calculated from 1/2-hour P-A 
differences and mean blood flow for entire experiment. 
(difference Hr mean) X 100. 
Figure 16. Dissected section of mesenteric vein in which two dye 
injection catheters were located in calf 6461 
Figure 17, Closer view of upper injection catheter shown in Figure 
16; sheath formation is evident 
Figure 18. Extensive sheath and thrombus formation around tip of 
mesenteric vein dye injection catheter of calf 6416 
Figure 19. Location of catheter tip inside sheath and thrombus 
formation shown in Figure 18 
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from the catheter the entire experimental period. Dye-dilution curves 
were excellent (Figure 20). The day the calf was sacrificed, several 
weeks after the last absorption experiment, blood could not be withdrawn 
from the catheter. Closer examination of the catheter revealed a thin 
sheath (Figure 17) covering the catheter tip. The sheath probably had 
formed all during the period the catheter was in the vein but had not 
extended beyond the catheter tip until after the absorption experiments 
were completed. Dye-dilution curves recorded on the day of sacrifice 
(Figure 21) were adversely affected by the relatively minor sheath forma­
tion. 
Figure 18 shows the extensive sheath and thrombus which had formed 
around the mesenteric injection catheter of calf 6461. The calf was 
sacrificed several weeks after the last absorption stu(fy. Because the 
shape of the dye-dilution curves was often not satisfactory (Figure 22) 
during the absorption experiments, the sheath and/or thrombus was prob­
ably severe even during the experimental period. Figure 19 shows the 
location of the catheter tip inside the sheath and thrombus. The vessel, 
in which the catheter was located, is not shown, but it was unobstructed 
and had allowed a free flow of blood around the catheter. 
Injection catheters from calf 6435 were not photographed. The 
catheter used in the first two absorption experiments with this calf was 
extensively sheathed, but had no thrombus formation about the tip. The 
mesenteric injection catheter, which was established in a second operation 
and was used for the last three experiments, was sheathed to a slightly 
greater extent than the catheter of calf 6461. 
Figure 20, Excellent dye-dllutlon curve recorded with calf 6461 
during an absorption experiment; blood could be with­
drawn from injection catheter 
Figure 21. Dye-dilution curve recorded on the day calf 6461 was 
sacrificed; blood could not be withdrawn from injection 
catheter 
Figure 22. Unsatisfactory dye-dilution curve recorded with calf 6416 
during an absorption experiment; blood could not be with­
drawn from Injection catheter 
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A possible explanation for the less severe sheath formation in calf 
6461 is that the catheters were kept filled with an anticoagulant solu­
tion containing penicillin. Anticoagulant solution .used for the other 
calves did not contain antibiotic. Moodie, Walker, and Hutton (1963) 
also found penicillin helpful in maintaining patency of portal vein 
catheters. 
It is concluded that the most limiting factor in determination of 
portal blood flow in these studies was sheathing of the dye injection 
catheters. Postmortem examination revealed good position of injection 
catheter tips (10-15 cm from portal sampling needle), but also revealed 
frequent sheath formation which sometimes led to unsatisfactory dye-
dilution curves. This problem could possibly be solved if a hydraulic 
needle,similar to the one used for sampling of portal blood, also could 
be used for dye injection. 
Comparison of three methods for calculating absorption 
The three methods used to calculate absorption already have been 
described. The basis for using overall mean experimental blood flow in 
these absorption calculations also has been presented. Nevertheless, the 
variation observed in single determinations of blood flow and the pos­
sible change in flow with time after feeding suggest that blood flow 
should always be determined at each sampling time. Undefined changes in 
blood flow lead to serious error in absorption calculations (Zierler, 
1961). 
Most workers who have calculated absorption from P-A differences and 
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portal blood flow have used method I (Roe et al., 1966; Katz and Berg­
man, 1969b; Carr and Jacobson, 1968; Bergman et al., 1970). In two 
cases, however, portal blood flow, determined at each sampling time, was 
used in calculations rather than an overall mean (Bensadoun ^  al., 
1962, Bensadoun ^  al., 1966). 
If blood metabolite levels are not constant, the function describing 
the change should be defined (Zierler, 1961). Mathematical descriptions 
of absorption cutves, such as the ones observed in the present studies, 
have been reported (Heinz, 1949; KÛbler, 1970). The equations are 
very complex and involve constants which cannot be derived from the 
present data. Therefore, method III was used to produce a function to 
fit the data. Figures 23-26 show computer plots of best-fit functions 
superimposed on data points. In most cases the 3rd or 4th degree poly­
nomial fit was most satisfactory. Integration of the predicted function, 
or planimetry of the actual data plot (method II), gave absorption curve 
areas. P-A differences in curve areas then were used in absorption 
calculations. 
Three separate absorption calculations (total radioactivity, glucose 
radioactivity, and total glucose) were made for each of the 12 experi­
ments. Therefore, there were 36 pairs of values involved when linear 
correlation coefficients were computed for comparing the methods of cal­
culation. The correlation coefficients (Table 9) show that any one of 
the three methods is satisfactory. 
There was considerable variation between some individual values as 
calculated by the three methods. This was most obvious in cases where 
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Table 9. Correlation between three methods used to calculate absorp­
tion from P-A differences and portal blood flow 
Comparisons of methods 
I vs. II I vs. Ill II vs. Ill 
r 
0.99 0.99 0.99 
the data points of concentration- or specific activity-time curves did 
not conform to a smooth curve (Figure 26). 
Method III is appealing in experiments such as these, where the 
blood metabolite changes during absorption can be described mathematical­
ly. The computer output contained cumulative area at each sançling 
interval. Thus, it is possible to obtain P-A area differences for each 
sampling interval if blood flow varies and individual blood flow values, 
rather than an overall mean, are used for absorption calculations. 
Total recovery of ^^C dose 
If the direct method, used for measuring absorption in these studies, 
is valid, the sum of the absorbed radioactivity and the ileal digests 
radioactivity should approximate 100% of the ^^C dose. Because these ex­
periments depend on accounting for all radioactivity in the dose, it is 
essential that absorption of radioactivity in the blood is complete and 
that all unabsorbed radioactivity is collected in ileal digesta. Ab­
sorption of radioactivity was assumed to be complete if P-A differences 
Figure 23, Computer plot of specific activity of portal (upper) and arterial (lower) blood 
after administration of ^^C-glucose into the duodenum of calf 6416 on 10-14-70; 
continuous plots are polynomials fitted to Individual data points 
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Figure 24. Computer plot of specific activity of portal (upper) and arterial (lower) blood 
after administration of '•^C-glucose into the duodenum of calf 6416 on 10-31-70; 
continuous plots are polynomials fitted to individual data points 
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Figure 25, Computer plot of specific activity of portal (upper) and arterial (lower) blood 
after administration of ^^C-glucose into the duodenum of calf 6416 on 11-18-70; 
continuous plots are polynomials fitted to individual data points 
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Figure 26. Computer plot of specific activity of portal (upper) and arterial (lower) blood 
after administration of ^^^C-glucose into the duodenum of calf 6435 on 10-26-70; con­
tinuous plots are polynomials fitted to Individual data points 
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were negligible at the end of 5 hr. Collection of unabsorbed radio­
activity was assumed to be complete if the radioactivity level in digest* 
had returned to the pre-experimental level. Any radioactivity which re­
mained in the intestinal wall or lumen after 5 hr could not be accounted 
for, but this amount was assumed to be small. 
Completeness of absorption could not be determined until blood 
samples were analyzed. The preliminary experiment with calf 6371 re­
vealed that 5 hr was a sufficient time for absorption of the dose to be 
completed. This animal was not equipped with a re-entrant cannula, so 
the time required for passage of unabsorbed radioactivity to the ileum 
could not be observed. Toward the end of most subsequent experiments, 
the ileal digesta became an intense green color. The color undoubtedly 
was due to indocyanine green dye which had been cleared by the liver 
(Cherrick et al., 1960) and released into the duodenum via the bile, 
and then had passed to the ileum. This usually proved to be a good in­
dication that the ingesta containing radioactivity had also passed to 
the ileum. 
Absorption of radioactivity or collection of unabsorbed radio­
activity was incomplete in two of the 11 recovery experiments performed 
with ^^C-glucose, The data from these two experiments could not be used 
to measure total recovery of radioactivity and, therefore, are not in­
cluded in the sunmary presented in Table 10. 
Results of two experiments with calf 6416 (10-14-70 and 11-18-70) 
revealed extremely high, undoubtedly erroneous, values for total recovery 
of radioactivity. The shape of dye-dilution curves for these experiments 
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Table 10. Recovery of total absorbed radioactivity and ileal digesta 
radioactivity, and portal blood flow values, after duodenal 
administration of 14c-glucose 
Animal Date Portal 
blood flow 
Recovered radioactivity 
Blood* Digesta Blood + digesta 
as % of dose 
1/min -jiCi 
6416 10-14-70 7.37(3.44)^ 1005 91 219.2(106.8)C 
6416 10-31-70 5.-57 225 347 114.4 
6416 11-18-70 5.75(3.54)^ 914 40 167.1(103.5)C 
6416 11-24-70 7.19 263 226 98.2 
6435 10-21-70 6.00 159 280 89.2 
6435 10-26-70 7.06 197 294 101.4 
6461 01-25-71 4.99 488 5 106.7 
6461 01-27-71 5.17 575 30 109.4 
6461 02-02-71 5.15 540 6 109.2 
^Mean of methods I, II, and III. 
^Shape of dye-dilution curves unacceptable; values in parentheses 
are from best dye-dilution curves of the experiment. 
^Recoveries in parentheses calculated from best dye-dilution curves 
of the experiment. 
was erratic and probably was responsible for inaccurate portal blood flow 
values. As already discussed, the extensive sheath and thrombus forma­
tion at the tip of the injection catheter (Figure 18) could cause gross 
over estimation of blood flow. If the best dye-dilution curves were 
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selected and the corresponding blood flow values were used in absorp­
tion calculations, total recovery was slightly greater than 100% in 
both of these studies (Table 10). The blood specific activity-time 
curves (Figures 23 and 25) show no irregularities which could cause 
large enough errors in P-A differences to account for the extremely 
high recovery values. 
Total recovery values for the remaining seven experiments ranged 
from 89.2-114.47. with a mean of 104.1%. A recovery of less than 100% 
is possible if some radioactivity remained in the intestinal wall or 
lumen at the end of an experiment and thus was not accounted for. It 
is more difficult to explain greater than 100% recovery. This is es­
pecially true in the four experiments with calves 6435 and 6461 where 
dye-dilution curves were acceptable. Assuming that any error in these 
four experiments was due to overestimation of blood flow, blood flow 
values were calculated which theoretically would have resulted in 100% 
recovery. Such calculations revealed a mean blood flow overestimation 
of 7.5%. Although it cannot be concluded that all error is due to blood 
flow determinations, a 7.5% error is not large when the variation in 
single determinations of blood flow is considered. 
The possible error in accurate determination of P-A differences 
cannot be neglected. In these studies, P-A differences were large during 
peak absorption but became increasingly smaller, and thus more difficult 
to measure accurately toward the end of an experiment. Small P-A dif­
ferences are often encountered in normal, fed animals, and unless the 
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method used for measuring a specific blood metabolite is very accurate, 
large errors are possible. In addition, data points of some specific 
activity-time curves did not conform to a smooth curve (Figure 26) so 
that some error was possible in accurately determining P-A differences. 
Sometimes there were small differences between 3rd or 4th degree poly­
nomial curve fits by method III. Therefore selection of the polynomial 
function used for integration could cause some error in final P-A dif­
ferences in curve areas. 
The present studies support the validity of this technique for 
measuring absorption from the gut. However, as pointed out by Carr and 
Jacobson (1968), the accuracy of the method depends on the accuracy with 
which portal blood flow and P-A differences can be determined. 
Contribution of ^^C-glucose to total absorbed radioactivity 
Isolation of ^^-glucose in blood made it possible to determine the 
contribution of labeled glucose to the total absorbed radioactivity. The 
contribution of glucose radioactivity to P-A differences in blood specific 
activity seldom was 1007. and usually decreased during a given experiment. 
It followed that glucose radioactivity would account for less than 1007. 
of the total absorbed radioactivity as shown in Table 11. Frcm these 
observations it can be concluded that labeled metabolites other than 
glucose were being added to the portal blood. 
A likely explanation is glycolytic activity of the gastrointestinal 
tissues. ^ vivo glucose utilization by the gastrointestinal tract of 
ruminants has been shown ty negative P-A differences in blood glucose 
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Table 11. Contribution of absorbed ^^C-glucose to total absorption of 
radioactivity during 5-hour absorption experiments 
Animal Date Contribution of 
14c_giucose* 
% 
6371 09-18-70 87.6 
6416 10-14-70 86.9 
6416 10-31-70 99.7 
6416 11-18-70 94.7 
6416 11-24-70 86.6 
6435 10-21-70 89.1 
6435 10-26-70 87.9 
6435 12-21-70 79.7 
6435 12-23-70 89.9 
6461 01-25-71 89.2 
6461 01-27-71 94.9 
6461 02-02-71 77.4 
^Each value is the mean of methods I, II, and III which were used 
to calculate absorption. 
(Roe et al., 1966; Katz and Bergman, 1969b; Bergman et al., 1970; Weigand, 
1971). Roe ^  £l. (1966) found that negative glucose P-A differences 
could be accounted for by positive P-A differences in lactate plus 
pyruvate. However, the precise origin of the lactate plus pyruvate could 
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not be determined. Bensadoun and Ichhponani (1968) later proved that 
lactate was formed from glucose by sheep intestinal tissue. These 
workers placed ^^C-glucose in an isolated jejunal segment and found 
85-95% of the label in mesenteric blood as glucose and the remainder as 
lactate. The present studies similarly show 77-99% of absorbed radio­
activity as glucose. The original experimental plan, however, did not 
include analyses to determine the origin of absorbed radioactivity which 
was not accounted for as glucose. 
Lactate concentrations of selected blood samples were determined 
to obtain P-A differences (Table 12). In all cases, blood lactate P-A 
differences were positive and were similar to values observed by Roe 
et al. (1966) in sheep. Positive P-A differences in specific activity of 
lactate (Table 12) indicate conversion of some labeled glucose to lac­
tate by the gastrointestinal tissues. These observations support the 
work of Bensadoun and Ichhponani (1968) and Weigand (1971). As dis­
cussed by Bergman e^ al. (1970), it is possible that either recircu­
lating ^^C-glucose in arterial blood supplying the gut, or ^^C-glucose 
being absorbed from the gut, could be utilized by the gastrointestinal 
tissues. 
The possibility that unlabeled lactate was absorbed from the gut 
and thus contributed to the P-A difference in lactate concentration can­
not be excluded. Lactate was present in the five digesta samples analyzed 
(Table 13). Bensadoun et al. (1966) also found significant levels of 
L-(+)-lactate in the duodenum of sheep fed either low or high concentrate 
diets. 
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Table 12. P-A differences in lactate concentrations and specific 
radioactivity of selected blood samples 
Animal Date Sampling 
time 
Concentration Specific 
radioactivity 
min jumol/l dpm/ml 
6416 10-31-70 60 
150 
127 
65 
13 
22 
6435 10-26-70 120 
150 
180 
240 
300 
111 
7 
185 
74 
94 
35 
30 
6461 1-25-71 60 101 -
6461 1-27-71 120 
300 
94 
23 -
6461 2-02-71 30 
300 
39 
49 
-
Table 13. Lactate concentration of selected ileal digesta samples 
Animal Date Collection 
period 
Lactate 
concentration 
^mol/1 
6416 10-31-70 9 412 
6435 10-26-70 5 490 
6461 1-25-71 5 289 
6461 1-27-71 6 445 
6461 2-02-71 6 289 
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Net absorption of glucose of dietary origin 
In five of the • ^^C-glucose absorption experiments, labeled glucose 
accounted for the total glucose absorbed. This suggests no contribution 
of glucose of dietary origin to net glucose absorption. Negative P-A 
differences in blood glucose were observed by Roe et al. (1966) and 
Bergman et al. (1970) In hay- and concentrate-fed sheep. These authors 
concluded that there was utilization of glucose by the portal-drained 
viscera and, therefore, there was no net absorption of glucose of dietary 
origin. Amounts of concentrate consumed by the sheep were lower, on 
a body weight basis, than consumed by the calves in these studies. 
In the remaining seven experiments, labeled glucose did not 
account for total net glucose absorption. This suggests some dietary 
contribution to net glucose absorption. It was possible to calculate 
estimates of this dietary contribution of glucose as shown in Table 14. 
Estimates ranged from 1.7-31.1 g glucose absorbed/5 hr. These values 
seem realistic when considering the work of Karr et al. (1966) which 
revealed that 16-38% of dietary starch reached the small intestine of 
concentrate-fed steers. The ration used was similar to the one fed in 
the present studies, but feed consumption of the steers, on a body weight 
basis, was lower than for the calves in these studies. This makes it even 
more likely that significant amounts of dietary starch could have reached 
the small intestine of the calves in the present studies. This starch 
could be digested and account for the calculated estimates of absorption 
of dietary glucose. Bensadoun et al. (1966) also reported significant 
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Table 14. Estimated absorption of glucose of dietary origin* during 
5-hour 14c-giucose absorption experiments 
Animal Date Glucose absorbed Pre-experimental 
feed consumption 
g/5 hr kg 
6416 10-31-70 11.7 1.6 
6416 11-18-70 3.8 2.3 
6416 11-24-70 7.7 1.6 
6435 10-26-70 2.6 1.8 
6435 12-21-70 1.7 0.9 
6461 1-27-71 21.5 1.4 
6461 2-02-71 31.1 2.3 
*[(% unlabeled glucose dose absorbed)(unlabeled glucose dose)] -
[(7o total absorbed radioactivity as ^^C-glucose)(unlabeled glucose dose)]. 
net glucose absorption (118 g/day) in sheep fed 60% grain diets. Feed 
consumption of the sheep was not discussed. 
Two control experiments enabled a direct calculation of net glucose 
absorption because no glucose was administered after calves consumed 
their concentrate. During a 5-hour period after calf 6461 (2-7-71) 
consumed 2.2 kg of concentrate, 1.6 g of glucose was absorbed. Calf 
6435 (12-19-70), however, utilized 33.8 g of glucose (-33.8 g absorbed) 
after 0.9 kg of concentrate was consumed. Level of feed consumption may 
account for some of this difference, but in general, net glucose ab­
sorption did not increase with increasing feed consumption (Table 14). 
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This suggests that other factors, not studied in these experiments, 
are involved. 
These limited data do not allow sound conclusions to be made con­
cerning the contribution of glucose of dietary origin to net glucose ab­
sorption. The objectives of the present experiments did not include this 
aspect of glucose absorption. However, the data suggest that small 
amounts of glucose, derived from the diet, were absorbed in some of the 
^^C-glucose absorption experiments. 
The assumption that starch disappearance equals net glucose ab­
sorption may not be correct in view of the proven glycolytic activity 
of the gastrointestinal tissues. Thus, the concurrent use of indirect 
and direct methods to study net glucose absorption in ruminants would 
be advantageous. Amounts of starch entering and leaving various segments 
of the digestive tract could be correlated with net glucose absorption, 
in the same or similarly treated animals, as determined by P-A differ­
ences and portal blood flow. 
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SUMMARY 
Experiments were designed to further investigate the possible 
sources of error in obtaining an accurate value for portal blood flow 
using the dye-dilution technique. 
1) Duplicates in sequence of 128 dye-dilution curves were recorded 
by two densitometers connected in series to test the effect of arrival 
time on portal blood flow. There was no difference in areas of first 
and second curves when arrival times of greater than 6 sec were com­
pared. Therefore, dye had stabilized and did not contribute to error 
in flow with arrival times of at least 6 sec. 
2) No difference in blood flow values were observed after injections 
of dye at the onset of either inspiration or expiration. Because dye-
dilution curves were recorded over several respiratory cycles, any ef­
fect of respiration on portal flow was insignificant. 
A definite relationship between portal blood pressure and respira­
tion was observed. Portal pressure averaged 9-14 mmHg and increased 2-3 
mmHg with each inspiration suggesting a slight pulsatile nature of portal 
blood flow. A definite phasic relationship between intraabdominal and 
portal pressure and respiration was observed. 
3) The effect of site of dye injection on portal blood flow was non­
significant. 
A direct method for measuring absorption from the gut, by use of P-A 
differences and portal blood flow, was evaluated ^  vivo using glucose 
absorption from the bovine small intestine as the experimental model. 
Each calf was surgically equipped with an aorta catheter^ hydraulic needle 
for sampling portal blood, mesenteric vein dye injection catheter, duo­
denal infusion tube, and re-entrant ileal cannula. 
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1) Portal blood flow values for 14 glucose absorption experiments 
averaged 37.17 t 0.80 ml/min/kg and fell within the range of values re­
ported in sheep and calves. No significant differences in flow between 
animals or between treatments (levels of glucose administration) were 
observed. Although flow did not vary significantly with periods during 
an experiment, there was a significant (P<. 0.05) linear effect sug­
gesting a slight decrease in flow during an absorption experiment, 
2) Sheathing of venous dye injection catheters was the most limit­
ing factor in accurate determination of portal blood flow. The addition 
of penicillin to the anticoagulant solution, used for flushing catheters, 
seemed to aid in maintaining catheter patency. 
3) There was close agreement (r = 0.99) between three different meth­
ods used to calculate absorption from P-A differences and portal blood 
flow. The method, involving computer fitting of a polynomial function 
to data points and subsequent integration of portal and arterial curve 
areas, was most convenient. 
4) Recovery of dose (absorbed and unabsorbed) averaged 104.1% 
(89.2-114.4) for seven experiments where dye-dilution curves were ac­
ceptable. In two experiments where dye-dilution curves were unsatisfac­
tory, recoveries were 167.1 and 219.27.. Recalculation, using only the 
best curves of the experiments, produced recoveries of 103.5 and 106.8%, 
respectively. This suggests that accurate blood flow measurement is 
most critical for quantitating absorption. 
5) Labeled glucose accounted for 77-997. of net absorption of total 
radioactivity. Positive P-A differences in specific activity of lactate 
indicated conversion of some labeled glucose to lactate by the gastro­
intestinal tissues. 
99b 
6) Small amounts of glucose of dietary origin were absorbed in 
some experiments. 
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Table 13. Summary of surgical preparation of experimental animals 
Surgical Animal 
preparation 6372 6371 6416 6435 6461 
Portal sampling needle 
Aorta catheter via: 
circumflex iliac artery 
femoral artery 
X X 
XX X® 
Dye injection catheter via; 
mesenteric vein 
duodenal vein 
ruminai vein 
portal vein (retrograde) 
X 
X 
X* 
Duodenal infusion catheter 
Re-entrant ileal cannula 
^Surgery was performed a second time, after recovery from the initial 
operation, to establish an arterial catheter and 2 mesenteric injection 
catheters. 
^Surgery was performed several weeks after the initial operation to 
establish a second mesenteric injection catheter. 
Table 16. Summary of portal blood flow means, expressed as ml/mln/kg body weight, for 14 glucose 
absorption experiments with calves 6416, 6435, and 6461 
Animal Date 
Glucose 
dose 
Minutes after glucose dose 
30 60 90 120 150 180 240 300 
tm uzm Control 39.06 4J;88 94 40 m îhll îî-M 
6416 
6435 
6461 
11-18-70 
12-21-70 
02-02-71 
Low 33.93 
50.62 
31.30 
39,61 
40.42 
28.79 
36.85 
40.48 
29.40 
27.19 
33.25 
27.38 
35.45 
37.70 
35.76 
26.91 
40.30 
37.71 
35.84 
35.29 
32.70 
27.98 
30.90 
27.69 
28.65 
35.04 
32.31 
6371 
6416 
6435 
6416 
6461 
09-18-70 
10-14-70 
10-21-70 
11-24-70 
01-25-71 
Medium 21.82 
41.15 
35.73 
42.62 
36.00 
24.62 
50.16 
34.11 
53.73 
27.69 
28.00 
46.42 
50,42 
49.40 
26,83 
20,89 
39,25 
37.09 
19.37 
30.50 
21.47 
38.62 
39.94 
40.97 
30.20 
28.09 
48.26 
40.91 
40.97 
33,25 
29,24 
54,28 
37,80 
35,16 
35.39 
21.51 
54.98 
35.53 
40.86 
27.69 
20.71 
41.92 
35.02 
47.41 
32.58 
6435 
6416 
6435 
6416 
10-26-70 
10-31-70 
12-23-70 
01-27-71 
High 43.29 
44,47 
36,16 
51,10 
47,74 
45,66 
34,05 
34,41 
42,28 
37.75 
44,38 
26,10 
74,06 
38.23 
32.82 
27.57 
44.88 
30.56 
32.51 
24,45 
54,93 
29.67 
45.24 
37,96 
30,58 
25.09 
39.68 
39.98 
22.70 
31.93 
39.74 
27.02 
41.70 
26.16 
30.28 
35.27 
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Table 17, Concentrations of glucose and hemoglobin in portai (P) and 
arterial (A) blood and portai blood flow values in a control 
experiment with 6435 on 12-19-70 
Blood concentration Portal blood flow 
Sampling 
time 
Hemoglobin Glucose Glucose 
P-A 
Mean T SE Determinations 
min gm/100 ml ————mg/100 ml———— 1/min 
0^ P 
A » M 
30 P 
A 
8.75 
8.75 
69.2 
70.3 
-1.1 8.07 t 0.65 4 
60 P 
A 
8.18 
8.33 
62.9 
61.8 
1.1 7.53 t 0.99 4 
90 P 
A 
7.96 
8.11 
60.9 
61.2 
-0.3 7.85 Î 0.67 4 
120 P 
A 
8.41 
8.26 
58.6 
59.8 
-1.2 5.40 t 0.38 5 
150 P 
A 
8.11 
8.26 
58.7 
63.0 
-4.3 7.94 + 1.18 5 
180 P 
A 
8.14 
8.14 
57.7 
59.3 
-1.6 6.17 + 0.60 6 
240 P 
A 
7.80 
7.80 
57.6 
61.7 
-4.1 6.37 t 0.73 5 
300 P 
A 
7.77 
7.84 
60.1 
60.6 
-0.5 6.99 Î 0.40 5 
^Corresponds to approximately 1 hr after feeding. 
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Table 18. Concentrations of glucose and hemoglobin in portai (P) and 
arterial (A) blood and portai blood flow values in a control 
experiment with 6461 on 2-7-71 
Blood concentration Portal blood flow 
Sampling Hemoglobin Glucose Glucose Mean f SË Determinations 
time P-A 
min gm/100 ml ——-mg/100 ml-—— 1/min 
0^ P 
A 
10.67 
10.86 
61.2 
50.0 
1.2 6.71 t 0.59 9 
30 P 
A 
10.82 
10.75 
60.0 
59.4 
0.6 3.77 + 0.28 4 
60 P 
A 
10.22 
10.75 
60.0 
60.6 
-0.6 6.92 t 0.37 5 
90 P 
A 
10.56 
10.63 
61.7 
61.2 
0.5 5.83 ± 0.28 7 
120 P 
A 
10.22 
10.18 
64.6 
64.6 
0 5.10 t 0.28 8 
150 P 
A 
10.07 
10.22 
65.8 
64.6 
1.2 4.81 t 0.39 8 
180 P 
A 
10.71 
10.75 
62.9 
60.0 
2.9 5.08 ± 0.46 8 
240 P 
A 
10.18 
10.14 
64.1 
64.1 
0 5.32 t 0.48 9 
300 P 
A 
9.50 
9.54 
65.2 
67.0 
-1.8 4.51 t 0.29 5 
^Corresponds to approximately 1 hr after feeding. 
Table 19. Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6416 on 11-18-70 
Blood 1 concentration Specific radioactivity Portal blood flow* 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determina-
Mean t SE tions 
min 
0 pb 
Ab 
gm/100ml 
9,61 
9,35 
-----tng/lOOml--
55,3 -1,0 
56,3 
— - -
dpm/mg 1/min 
6.04 ± 0.68 3 
30 P 
A 
10,07 
10,07 
113,1 
79.4 
33,7 10753 
5152 
5601 10505 
4332 
5673 9288 
6086 7.05 ± 0.90 3 
60 P 
A 
9,95 
9,92 
110,3 
78,9 
31,4 11935 
7000 
4935 11366 
6523 
4843 10305 
8267 6.56 ± 0.40 3 
90 P 
A 
10,07 
10,07 
67,8 
64,6 
3,2 6134 
5365 
769 5742 
5065 
677 7516 
7416 4.84 ± 0.73 3 
120 P 
A 
10,07 
10,03 
58,6 
58,5 
0,1 4053 
3730 
323 3714 
3418 
296 6337 
5842 6.31 ± 0.78 3 
150 P 
A 
10,25 
10,10 
59,1 
59,5 
-0,4 3107 
2917 
190 2782 
2684 
98 4708 
4510 4.79 t 0.47 3 
180 P 
A 
10,14 
10,14 
55,3 
58.1 
-2.8 2145 
2065 
80 1899 
1887 
12 3434 
3247 6,38 + 0,54 3 
240 P 
A 
10,18 
10,25 
55,5 
55,9 
-0,4 1192 
1295 
-103 1033 
1037 
-4 1861 
1855 4,98 t 0,66 3 
300 P 
A 
10,33 
10,25 
55,8 
55,3 
0.5 746 
726 
20 575 
587 
-12 1031 
1061 5,10 t 0,34 3 
*Shape of dye-dilution curves undesirable. Two best curves were 3.42 1/min and 3,66 1/min, 
^Blood sampled and blood flow determined before glucose test solution infused into duodenum. 
Table 20. Concentrations and specific radioactivities of portal(P) and arterlal(A) blood con­
stituents and portal blood flow values In an absorption experiment with 6435 on 12-21-70 
Blood concentration Specific radioactivity Portal blood flow 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determlna-
Mean t SE tlons 
mln 
0 P® 
A» 
gm/lOOml 
8.03 
7.95 
-----mg/lOOml--
61.0 -1.9 
62.9 E dpm/mg 1/mln 8.19 t 0.35 3 
30 P 
A 
8.29 
8.37 
81.9 
76.2 
5.7, 4795 
3766 
1029 4821 
. 3689 
1132 5886 
4841 
6.54 t 0.16 3 
60 P 
A 
8.18 
8.18 
76.2 
73.0 
3.2 6667 
5911 
756 6378 
5679 
699 8370 
7779 
6.55 t 0.35 3 
90 P 
A 
7.99 
8.18 
81.9 
73.0 
8.9 8245 
7020 
1225 8024 
6785 
1239 9797 
9295 
5.38 ± 0.04 3 
120 P 
A 
8.18 
8.18 
75.6 
72.4 
3.2 7463 
6710 
753 7246 
6512 
734 9584 
8995 
6.10 ± 0.17 3 
150 P 
A 
8.18 
8.29 
66.0 
64.8 
1.2 5448 
5135 
313 5158 
4999 
159 7815 
7714 
6.52 + 0.64 3 
180 P 
A 
8.45 
8.45 
64.1 
63.5 
0.6 4049 
3943 
106 3768 
3782 
-14 5878 
5956 
5.71 t 0.35 3 
240 P 
A 
8.33 
8.29 
61.0 
62.9 
-1.9 2501 
2368 
133 2204 
2197 
. 7 3613 
3492 
5.00 t 0.13 3 
3 00 P 
A 
7.99 
8.07 
60.3 
59.7 
0.6 1489 
1509 
-20 1345 
1339 
6 2231 
2242 
5.67 t 0.92 3 
*Blood sampled and blood flow determined before glucose test solution Infused Into duodenum. 
Table 21. Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6461 on 2-2-71 
Blood concentration Portal blood flow 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determlna-
Mean t SE tlons 
min gm/lOOml -----mg/lOOml--
------
dpm/mg 1/min 
0 P® 
Aû 
10.37 
10.67 
66.6 
68.3 
-1.7 
— — — — 
- - - -
— — — — 
---- 5.12 ^  0.36 3 
30 P 
A 
10.07 
10.03 
128.1 
102.6 
25.5 8988 
5128 
3860 8667 
4964 
3703 6766 
4838 
4.71 t 0.27 4 
60 P 
A 
10.07 
10.18 
118.8 
100.2 
18.6 88)8 
6464 
2354 8556 
6323 
2233 7202 
6310 
4.81 t 0.35 4 
90 P 
A 
10.44 
10.33 
95.0 
88.6 
6.4 6580 
5691 
889 6194 
5414 
780 6520 
6110 
4.48 t 0.52 4 
120 P 
A 
10.56 
10.56 
77.1 
75.3 
1.8 4029 
3926 
103 3703 
3586 
117 4803 
4762 
5.85 t 0.45 3 
150 P 
A 
10.48 
10.52 
73.0 
74.8 
-1.8 2994 
2874 
120 2735 
2670 
65 3746 
3569 
6.17 t 0.34 4 
180 P 
A 
10.25 
10.29 
66.6 
64.9 
1.7 2035 
1928 
107 1770 
1718 
52 2657 
2647 
5.35 + 0.65 4 
240 P 
A 
9.92 
10.18 
67.2 
66.1 
1.1 1139 
1092 
47 995 
979 
16 1480 
1481 
4.53 t 0.40 3 
300 P 
A 
9.84 
9.84 
64.9 
64.9 
0 626 
633 
-7 510 
516 
-6 786 
795 5.27 0.16 
3 
Blood sampled and blood flow determined before glucose test solution Infused into duodenum. 
Table 22 , Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6371 on 9-18-70 
Blood concentration Specific radioactivity Portal blood flow 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determina-
Mean t SE tions 
min gm/lOOml --mg/l00ml-- «------------- dpm/mg 1/mln 
0 pa 
Aa 
9.01 
9.09 
56.4 
56.5 
-0.1 
----
----
----
----
4.91 ± 0.33 3 
30 P 
A 
9.46 
9,24 
105.0 
93.4 
lli6 4099 
2924 
1175 3639 
2671 
968 3466 
2859 
5.54 ± 0.65 4 
60 P 
A 
9.35 
9.24 
112.1 
104.3 
7.8 5235 
4519 
716 4706 
4028 
678 4202 
3873 
6.30 i 0.27 4 
90 P 
A 
9.27 
9.20 
111.2 
98.6 
12.6 5804 
4652 
1152 5132 
4070 
1062 4623 
4111 
4.70 t 0.19 4 
120 P 
A 
9.35 
9.27 
101.0 
91.9 
9.1 5415 
4486 
929 4760 
3998 
762 47 n 
43uO 
4.83 ± 0.25 3 
150 P 
A 
9.35 
9.50 
82.1 
77.3 
4.8 3983 
3570 
413 3361 
3027 
334 4099 
3931 
6.32 ± 0.93 4 
180 P 
A 
9.88 
9.73 
71.5 
70.2 
1.3 3060 
2784 
276 2565 
2458 
107 3562 
3511 
6.58 t 1.06 4 
240 P 
A 
9.20 
9.20 
63.1 
62.8 
0.3 1935 
1885 
50 1572 
1578 
-6 2496 
2505 
4.84 t 0.34 4 
300 P 
A 
9.39 
9.27 
59.9 
59.7 
0.2 1365 
1285 
80 1002 
1047 
-45 1699 
1745 
4.66 t 0.18 4 
*Blood sampled and blood flow determined before glucose test solution infused into duodenum. 
Table 23, Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6416 on 10-14-70 
Blood concentration Specific radioactivity _ Portal blood flow^ 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determlna-
Mean t SE tions 
min 
0 pb 
Ab 
gm/lOOml 
12.18 
12.06 
-----mg/lOOml--
51,6 3,3 
48,3 
----
----
dpm/mg 1/min 
6.49 + 0.36 3 
30 P 
A 
12,55 
12,55 
107,5 
78,6 
28.9 6727 
3776 
2951 6652 
3887 
2765 6159 
4945 7.91 ± 0,43 3 
60 P 
A 
12,25 
12,18 
121,0 
85,3 
35.7 9371 
5451 
3920 9156 
5451 
3705 7567 
6390 7.32 ± 0.55 3 
90 P 
A 
12.25 
12.14 
90,6 
74,9 
15.7 7193 
5398 
1795 6938 
5348 
1590 7658 
7140 6.19 + 0,43 3 
120 P 
A 
12.40 
12,14 
62.2 
60,4 
1.8 4752 
4292 
460 4510 
4075 
435 7251 
6746 6.09 + 1.33 3 
150 P 
A 
12,25 
12,06 
62.9 
60,4 
2.6 4436 
3963 
473 4067 
3782 
285 6466 
6261 7.61 t 1.50 3 
180 P 
A 
12,25 
12,21 
56.7 
55.0 
1,7 3160 
3037 
123 2947 
2879 
68 5198 
5234 8.56 t 2.00 3 
240 P 
A 
12,14 
12,10 
56.1 
56.7 
-0.6 2145 
2035 
110 1881 
1846 
35 3353 
3255 8.67 t 1.26 3 
300 P 
A 
12,18 
12,22 
59.4 
58.5 
0.9 1422 
1435 
-13 1217 
1246 
-29 2049 
2130 
6.61 ± 0.50 3 
®Shape of dye-dilution curves undesirable. Best curve was 3,44 1/min. 
^Blood sampled and blood flow determined before glucose test solution infused into duodenum. 
Table 24, Concentrations and specific radioactivities, of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6435 on 10-21-70 
Blood concentration Specific r&dioactivity Portal blood flow 
Sampling Memo- Glucose Blood Glucose Determina-
time globin Glucose P-A Blood P-A Glucose P-A Glucose Mean t SE tions 
min gm/lOOml --"--mg/100ml-- dpm/mg 1/min 
0 pû 
ffi 
10,75 
10.29 
56.7 
59.1 
-2.2 
— - —-
---- ---- 5.52 t 1.16 3 
30 P 
A 
10.71 
10.86 
84.2 
80.5 
3.7 2841 
2414 
427 2609 
2198 
411 3098 
2730 5.27 t 0.19 
3 
60 P 
A 
10.44 
10.56 
87.2 
81.3 
5.9 3980 
3489 
491 3681 
3211 
470 4221 
3949 7.79 ± 0.19 
3 
90 P 
A 
10.22 
10.25 
82.2 
75.8 
6.4 4838 
4407 
431 4525 
4039 
486 5505 
5329 5.73 ± 0.20 
3 
120 P 
A 
10.14 
10.18 
64.7 
64.6 
0.1 3781 
3645 
136 3378 
3284 
94 5221 
5084 
6.17 t 0.34 3 
150 P 
A 
10.33 
10.29 
57.8 
57.9 
-0.1 3097 
2955 
142 2751 
2626 
125 4760 
4535 
6.32 t 0.10 3 
180 P 
A 
10.33 
10.29 
51.9 
57.0 
-5.1 2449 
2371 
78 2126 
2124 
2 4096 
3727 5.84 t 0.39 
3 
240 P 
A 
10.48 
10.48 
56.1 
56.0 
0.1 1730 
1556 
174 1441 
1351 
90 2569 
2413 
5.49 ± 0.20 3 
300 P 
A 
10.52 
10.67 
54.8 
58.8 
-4.0 1146 
1207 
-61 961 
960 
1 1754 
1632 5.41 t 0.23 
3 
*Blood sampled and blood flow determined before glucose test solution infused into duodenum. 
Table 25. Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6416 on 11-24-70 
Blood concentration Specific radioactivity Portal blood flow 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determina-
Mean t SE tions 
min gm/100ml -----mg/lOOml-- dpm/mg 1/min 
0 P® 
A® 
10.52 
10,33 
57.2 
57.2 
0 
---- 7.48 ± 0,25 3 
30 P 
A 
11.61 
11.46 
85.0 
72.8 
12.2 3805 
2785 
1020 3499 
2533 
966 4116 
3480 9.43 ± 0.14 3 
60 P 
A 
11.27 
11.27 
67.0 
63,6 
3.4 3117 
2766 
351 2707 
2346 
361 4040 
3689 8,67 t 0.53 3 
90 P 
A 
11.16 
11.05 
69,2 
62,4 
6.8 3374 
2704 
670 2868 
2278 
590 4144 
3650 3,40 t 0,09 3 
120 P 
A 
11,12 
11,16 
61.4 
60,2 
1.2 2288 
2095 
193 1939 
1850 
89 3158 
3073 7.19% -
150 P 
A 
11.31 
11.46 
61,1 
57,6 
3,5 1824 
1569 
255 1523 
1311 
212 2492 
2276 
7.19b 
-
180 P 
A 
11.24 
11.31 
58.2 
58.7 
-0.5 1166 
1132 
34 956 
935 
21 1643 
1592 6.17 t 0,94 
3 
240 P 
A 
11.42 
11.65 
54.8 
55.2 
-0.4 671 
607 
64 499 
466 
33 910 
845 7,17 ± 0,76 
3 
300 P 
A 
11.27 
11.27 
52,5 
51.1 
1,4 353 
339 
14 247 
239 
8 471 
468 8.32 ^  0.81 
3 
*Blood sampled and blood flow determined before glucose test solution infused into duodenum. 
Mean blood flow of experiment. 
Table 26. Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with6461 on 1-25-71 
Blood concentration Specific radioactivity Portal blood flowa 
Sampling Memo- Glucose Blood Glucose Détermina*» 
time globin Glucose P-A Blood P-A Glucose P-A Glucose Mean * SE tions 
min gm/lOOml -----mg/lOOml-- —---------dpm/ml--------- dpm/mg 1/min 
0 pb 
Ab 
9.46 
9.24 
62.1 
60.9 
1.2 
----
m m m m  
----
---- 5.89 + 0.46 6 
30 P 
A 
8.82 
8.78 
129.2 
113.8 
15,4 4218 
2848 
1370 3941 
2680 
1261 3050 
2355 
4.53 2 
60 P 
A 
8.82 
8.82 
140.8 
119.9 
20.9 5939 
4515 
1424 5569 
4146 
1423 3955 
3458 
4.39 + 0.32 3 
90 P 
A 
8.86 
8.82 
124.9 
114.4 
10.5 5610 
4718 
892 5241 
4490 
751 4196 
3925 
4.99 + 1.00 3 
120 P 
A 
8.71 
8.78 
113.8 
104.6 
9.2 5704 
4812 
892 5234 
4483 
751 4599 
4286 
4.94 + 0.61 3 
150 P 
A 
8.33 
8.71 
106.4 
91.0 
15.4 5493 
4413 
1080 5071 
4148 
923 4766 
4558 
5.44 2 
180 P 
A 
8.67 
8.63 
84.3 
75.0 
9.3 4257 
3482 
775 3918 
3240 
678 4648 
4320 
5.79 1 
240 P 
A 
8.29 
8.26 
61.5 
62.7 
-1.2 2496 
2449 
47 2153 
2097 
56 3500 
3344 
4.53 + 0.60 3 
300 P 
A 
8.90 
8.75 
57.4 
54.0 
3.4 1494 
1449 
45 1201 
1169 
32 2092 
2164 
5.33 ± 0.88 3 
^SE calculated for 3 or more determinations. 
^Dlood sampled and blood flow determined before glucose test solution Infused Into duodenum. 
Table 2.7. Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6435 on 10-26-70 
Blood concentration Specific radioactivity Portal blood flow 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Deterrolna-
Mean t SB tlons 
mln 
0 P® 
A® 
gm/lOOml 
10.07 
10.25 
"--"-mg/lOOml"-
51.7 0.5 
51.2 
----
dpm/mg 1/min 
6.81 t 0.08 3 
30 P 
A 
9.92 
10.07 
123.3 
100.3 
23.0 3369 
2379 
990 3020 
2168 
852 2449 
2161 
7.51 + 0.31 3 
60 P 
A 
9.84 
9.73 
99.2 
94.0 
5.2 2941 
2684 
257 2526 
2272 
254 2546 
2417 
6.65 + 0.39 3 
90 P 
A 
9.69 
9.69 
89.3 
87.5 
1.8 2595 
2413 
182 2249 
2107 
142 2518 
2408 
11.65 Î 2.06 3 
120 P 
A 
9.61 
9.80 
87.7 
82.4 
5.3 2877 
2512 
365 2486 
2179 
307 2835 
2644 
7.06^ 
-
150 P 
A 
9.76 
9.73 
74.7 
73.7 
1.0 2043 
1924 
119 1778 
1667 
111 2469 
2382 
8.64 Î 2.06 3 
180 P 
A 
9.69 
9.54 
81.8 
79.8 
2.0 2317 
2193 
124 2032 
1911 
121 2673 
2515 
4.81 + 0.04 3 
240 P 
A 
9.58 
9.88 
72.5 
72.4 
0.1 1620 
1682 
-62 1396 
1409 
-13 1925 
1946 
3.57 + 0.07 3 
300 P 
A 
9.54 
9.27 
68.6 
70.5 
-1.9 1078 
1097 
-19 874 
892 
-18 1274 
1265 
6.56 + 0.42 3 
*Blood sampled and blood flow determined before glucose test solution infused into duodenum, 
bMean blood flow of experiment. 
Table 28. Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6416 on 10-31-70 
Blood concentration Specific radioactivity Portal blood flow 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determina-
Mean t SE tions 
min gm/lOOml -----ing/lGOtnl-- ------- dpm/mg 1/min 
0 P® 
A» 
8.29 
7.84 
53.1 
52.6 
0.5 
— — — — 
----
----
• • « M M  
7.48 ^  0.58 3 
30 P® 
A 
9.20 
8.97 
112.8 
87.0 
25.8 3370 
1991 
1379 3145 
2002 
1143 2783 
2301 7.68 y. 0.57 3 
60 P 
A 
8.97 
8.97 
99.9 
87.0 
12.9 3187 
2538 
649 3090 
2487 
603 3093 
2859 6.35 i 0.55 
3 
90 P 
A 
9.09 
8.97 
78.5 
69.8 
8.7 2561 
2071 
490 2366 
1936 
430 3014 
2773 
6.43 ^  0.19 3 
120 P 
A 
9.01 
8.86 
64.5 
61.0 
3.5 1735 
1585 
150 1551 
1452 
99 2404 
2380 5.14 + 0.40 
3 
150 P 
A 
9.01 
8.86 
67.1 
64.8 
2.3 1329 
1202 
127 1180 
1115 
65 1759 
1721 
4.99 + 0.13 3 
180 P 
A 
8.86 
8.90 
63.8 
65.1 
-1.3 982 
922 
60 879 
852 
27 1378 
1309 
4.22 + 0.11 3 
240 P 
A 
8.90 
8.78 
62.0 
60.9 
1.1 546 
526 
20 451 
445 
6 728 
730 
5.37 + 0.42 3 
300 P 
A 
8.94 
8.94 
58.3 
56.4 
1.9 296 
290 
6 244 
244 
0 418 
432 
4.40 + 0.27 3 
*Blood sampled and blood flow determined before glucose test solution Infused into duodenum. 
Table 29. Concentrations and specific radioactivities of portal(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6435 on 12-23-70 
Blood concentration Specific radioactivity Portal blood flow^ 
Sampling 
time 
Hemo­
globin Glucose 
Glucose 
P-A Blood 
Blood 
P-A Glucose 
Glucose 
P-A Glucose 
Determina* 
Mean t SE tions 
min gm/lOOml -----mg/lOOml-- dpm/mg l/min 
0 pb 8.33 
8.33 
58.3 
55.8 
2.5 - - - - 5,85 t 0.90 3 
30 P 
A 
8.37 
8.29 
78.3 
85.6 
-7.3 1352 
1675 
-323 1329 
• 1645 
-316 1697 
1922 
5.51 ± 0,46 3 
60 P 
A 
8.37 
8.26 
94.1 
84.4 
9.7 2724 
2201 
523 2569 
2134 
435 2730 
2528 
7.18 t 0.28 3 
90 P 
A 
8.11 
8.07 
97.7 
88.6 
9.1 3040 
2621 
419 2974 
2592 
382 3044 
2926 5.31 t 0.35 
3 
120 P 
A 
8.07 
8.11 
93.5 
86.2 
7.3 3164 
2794 
370 3007 
2611 
396 3216 
3029 
5.26 t 0.47 3 
150 P 
A 
8.07 
8.07 
89.2 
87.4 
1.8 2977 
2761 
216 2862 
2672 
190 3209 
3057 
7.32 t 0.48 3 
180 P 
A 
8.07 
7.99 
89.8 
85.0 
4., 8 3000 
2774 
226 2772 
2589 
183 3087 
3046 6.42 
1 
240 P 
A 
7.77 
7.77 
98.3 
89.2 
9.1 3373 
2837 
536 3213 
2719 
494 3269 
3048 
6.43 t 0.21 3 
300 P 
A 
7.73 
7.62 
87.4 
82.0 
5.4 2804 
2541 
263 2733 
2468 
265 3127 
3010 
4.90 + 0.69 3 
SE calculated for 3 or more determinations. 
Blood sampled and blood flow determined before glucose test solution infused into duodenum. 
Table 3 0. Concentrations and specific radioactivities of portaL(P) and arterial(A) blood con­
stituents and portal blood flow values in an absorption experiment with 6461 on 1-27-71 
Blood concentration Specific radioactivity , Portal blood flow^ 
Sampling Memo- Glucose Blood Glucose Determlna-
time globin Glucose P-A Blood P-A Glucose P-A Glucose Mean * SE tions 
roin gm/lOOml —--mg/lOOml-- dpm/mg 1/mln 
0 pb 
Ab 
9.84 
9.46 
63.0 
56.3 
6.7 .... 
m m m m  
.... 
8.36 t 0,19 3 
30 F 
A 
9.27 
9.24 
138.9 
120.6 
18.3 3923 
2940 
983 3832 
2879 
953 2759 
2387 5.63 t 0.26 3 
60 P 
A 
9.58 
9.46 
143.8 
122.4 
21.4 5188 
4006 
1182 4935 
3869 
1066 3432 
3161 4.27 t 0.12 3 
90 P 
A 
9.46 
9.61 
132.2 
105.3 
26.9 5418 
4063 
1441 5240 
3798 
1442 3964 
3607 4.51 ± 1.07 3 
120 P 
A 
9.69 
9.61 
121.8 
99.8 
22.0 5155 
3963 
1192 4967 
3739 
1228 4078 
3746 4.00 t 0.48 3 
150 P 
A 
9.58 
9.69 
112.0 
94.9 
17.1 5068 
4063 
1005 4786 
3808 
978 4273 
4013 6.21 t 0.12 3 
180 P 
A 
9.09 
9.24 
105.9 
82.6 
23.3 4995 
3856 
1139 4679 
3615 
1064 4418 
4377 6.54 t 0.10 3 
240 P 
A 
9.39 
9.12 
60.0 
53.2 
6.8 2581 
2211 
370 2374 
2035 
339 3957 
3825 4.42 t 0.14 3 
300 P 
A 
9.24 
9.27 
62.4 
59.4 
3.0 1755 
1535 
220 1534 
1366 
168 2458 
2300 5.77 t 2 
^SE calculated for 3 or more determinations. 
^Blood sampled and blood flow determined before glucose test solution infused into duodenum. 
Table 3 1. Results of using three different methods for calculating total radioactivity (TRA), 
glucose radioactivity (GRA), and total glucose following duodenal Administration 
of ^^C-glucose 
Method I* Method lib Method III® 
Animal Date TRA GRA Total TRA GRA Total TRA GRA Total 
glucose glucose glucose 
—- ^Ci—-- 8 ---
•
 
1 1 
%
 g 1 1 1 1 g 
6416 11-18-70 920 907 112.8 940 956 103.4 883 873 93.7 
6435 12-21-70 356 321 37.4 393 343 34.0 355 303 43.1 
6461 02-02-71 528 489 84.1 537 406 86.2 554 512 84.4 
6371 09-18-70 365 283 78.7 353 295 74.2 372 290 81.3 
6416 10-14-70 966 890 192,4 1101 945 178.2 949 847 169.1 
6435 10-21-70 158 145 5.6 161 165 4.7 157 141 19.1 
6416 11-24-70 263 228 61.7 223 193 53.5 302 273 79.3 
6461 01-25-71 446 406 127.0 506 397 133.0 511 461 137.5 
6435 10-26-70 181 166 74.0 214 184 65.7 197 177 108.0 
6416 10-31-70 221 181 96.7 208 153 100.2 245 188 84.3 
6435 12-23-70 250 230 98.6 247 209 81.6 206 192 90.4 
6416 01-27-71 567 546 230.7 550 499 254.8 609 595 258,4 
^Absorption calculated as the sum of products of individual 1/2-hr P-A differences and âxperi-
mental mean blood flow. 
^Absorption calculated as tha product of P-A difference in absorption curve areas (detemtined 
by planimetry) and experimental mean blood flow. 
^Absorption calculated as the product of P-A differences in absorption curve areas (determined 
by computer analysis) and experimental mean blood flow. 
Table 32. Volume and radioactivity of ileal dlgesta samples collected continuously during ^^C-glucose 
absorption experiments with calves 
Time 
Calf Date 
Dlgesta volume 
Period interval per period cumulative per period cumulative 
min 
1 35 420 420 
2 35 390 810 
3 75 300 1110 0.02 0.02 
4 95 450 1560 0,05 0.07 
5 IXO 360 1920 12.00 12.0? 
1 5 134 134 
2 35 455 589 0.02 0.02 
3 30 295 884 0,04 0.06 
4 35 460 1344 0.05 0.11 
5 60 250 1594 0.85 0.96 
6 45 385 1979 3.69 4.65 
7 65 325 2304 0.47 5.12 
8 30 245 2549 0.12 5,24 
9 120 550 3099 0.23 5.47 
1 20 520 520 
2 57 325 845 ---
3 23 240 1085 — 
4 40 330 1415 0.02 0.02 
5 25 255 1670 0.03 0.05 
6 55 225 1895 7.50 7.55 
7 55 350 2245 23.90 31.45 
8 45 400 2645 8.70 40.15 
9 60 425 3070 0.12 40.27 
6435 12-21-70 
6461 02-2-71 
6416 11-18-70 
Table 32. (Continued) 
Time 
Calf Date Period interval 
6435 10-21-70 
6461 01-25-71 
6416 10-14-70 
6416 11-24-70 
min 
1 80 
2 30 
3 60 
4 30 
5 30 
6 30 
7 90 
8 10 
9 15 
1 60 
2 60 
3 30 
4 60 
5 60 
6 60 
7 55 
8 60 
9 60 
1 110 
2 100 
3 45 
4 85 
1 40 
2 60 
3 15 
4 30 
5 15 
6 15 
7 20 
8 105 
Dlgesta volume 
per period cumulative 
Dlgesta volume 
per period cumulative 
.ml———— -— —uCi 
590 590 MMMM 
120 710 m m m m  
225 935 m m m m  
470 1405 0.02 0.02 
1010 2415 67.13 67.15 
1350 3765 189.45 256.60 
255 4020 4.13 260.73 
175 4195 18.73 279.46 
10 4205 0.07 279.53 
445 445 
360 805 0.01 0.01 
580 1385 0.04 0.05 
230 1615 0.45 0.50 
380 1995 2.52 3.20 
435 2430 1.17 4.19 
50 2480 0.03 4.22 
570 3050 0.32 4.54 
840 3890 0.38 4.92 
825 825 0.06 0.06 
1200 2025 79.40 79.46 
200 2225 9.40 88.86 
245 2470 1.28 90.14 
350 350 a* a* n « 
155 505 "  — "  —  
750 1255 65.00 65.00 
355 1610 49.50 114.50 
630 2240 76.40 190.90 
500 2740 32.70 233.60 
420 3160 2.50 226.10 
380 3540 0.16 226.26 
Table 32, (Continued) 
Time 
Calf Date Period interval 
6435 12-23-70 
6435 10-26-70 
6461 01-27-71 
min 
1 35 
2 60 
3 35 
4 60 
5 50 
6 40 
7 60 
1 30 
2 40 
3 47 
4 15 
5 35 
6 20 
7 45 
8 18 
9 57 
10 50 
1 5 
2 38 
3 71 
4 63 
5 60 
6 60 
7 63 
8 105 
9 120 
Dlgesta volume 
per period cumulative 
Dlgesta volume 
per period cumulative 
475 475 — — * — 
355 830 0.02 0.02 
500 1330 10.00 10.02 
900 2230 31,60 41.62 
570 2800 33,10 74.72 
305 3105 18.10 92.82 
235 3340 9,10 101,92 
360 360 
170 530 
700 1230 
1292 2522 .49,28 49.28 
1580 4102 138.83 188.11 
1115 5217 83.36 271.47 
455 5672 15.54 287.01 
95 5767 2,49 289.50 
440 6207 3.89 293.39 
250 6457 0.51 293.90 
100 100 
540 640 
510 1150 '0.01 0.01 
425 1575 0.02 0.03 
510 2085 10,85 10,88 
430 2515 12.85 23.73 
465 2980 5.66 29.39 
640 3620 0.52 29.91 
545 4165 0.19 30.10 
Table 32. (Continued) 
Time Dlgesta volume Dlgesta volume 
Calf Date Period interval per period cumulative per period cumulative 
6416 10-31-70 
min 
1 5 80 80 
2 35 210 290 
3 29 785 1075 
4 12 1355 2430 
5 5 700 3130 
6 10 890 4020 
7 17 700 4720 
8 15 480 5200 
9 18 515 5715 
10 30 710 6425 
11 25 610 7035 
12 80 425 7460 
13 30 75 7535 
•uCl-
0.02 0.02 
75.94 75.96 
56.79 132.75 
62.65 195.40 
44.45 239.85 
29.54 269.39 
29.37 298.76 
35.43 334.19 
12.67 346.86 
0.26 347.12 
0.02 347.14 
131 
Table 33. Effect of specific radioactivity of test solution on the 
percentage of the dose recovered as expired 
during 5-hour ^^C-glucose absorption experiments® 
Animal Date Test solution 
specific radioactivity 
7. dose in 
total expired 
M.Ci/g 
6416 11-18-70 9.17 30.4 
6435 12-21-70 8.83 34.3 
6461 2-02-71 8.73 33.3 
6371 9-18-70 3.40 22.3 
6416 10-14-70 4.53 19.6 
6435 10-21-70 4.55 21.9 
6416 11-24-70 4.05 22.3 
6461 1-25-71 2.82 28.8 
6435 10-26-70 2.20 19.3 
6416 10-31-70 2.12 10.4 
6435 12-23-70 2.21 13.0 
6461 1-27-71 2.42 28.0 
^Radioactivity in expired CO^ was accounted for in absorption cal­
culations because the assumption was made that 14302 w&s derived from 
radioactive compounds after their entry into the blood. 
The same amount of radioactivity was added to each test solution. 
This made the specific radioactivity highest for the test solutions con­
taining the lowest amount of unlabeled glucose. Therefore, most 1^302 
was produced (Table 33) in the three experiments where the low level of 
unlabeled glucose was administered because the calves metabolized less 
glucose to produce the same amount of ^4302 compared to those calves 
given the higher levels of unlabeled glucose. 
The 14c02 production per %-hour collection interval usually peaked 
2-3 hr after administration of the 1^-glucose test solution. The increase 
in cumulative expired 1^302 was linear during the 5-hour experimental 
period. 
